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INTRODUCTION 
The genus Qjçoides is widely distributed, being re- 
corded from Europe, Asia, Africa, America and Australia, 	The 
importance of the genus is twofold, 	In several instances 
species of julicoldts have been incriminated as vectors of 
parasites of man and his domestic livestock. 	Sharp (1928) 
showed that Acnthocheiionema perstans, a human parasite in 
best Africa, develops in Q. austeni. 	Sharp thought that 
C. grahamil was also concerned in transmission, but Henrard 
and Peel (1949) claimed that this species was more important 
as a vector for 
This has been confirmed by Duke (1954). 	Buckley (1934) ob- 
served the completed development of Mansoneila ozzardi in 
C. furens. 	In Australia allergic dermatitis of horses is 
attributed to raicrofilarlae of Onchocerca reticulata, carried 
by C. robertel (iek, 1954). 	In Britain Steward (1953) found 
that C.subeculosis is a vector of Onchocerca cervicalis, as- 
sociated with fistulous withers In the horse. 	pathogenic 
virus diseases are also carried. 	De ToIt (1946) in South 
Africa recorded three infections of blue-tongue and one of 
horse sickness after intravenous injections of emulsions of 
Cuilcolcies caught in the field. 
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The second and 411ore obvious aspect of the genus is its 
nuisance value. 	Midges are painful biters. 	Jobling (1928) 
described the effect of a bite. 	It causes intense irritation 
and burning, which continue for a few minutes, but with more 
susceptible victims the pain lasts longer and the affected 
parts swell up to form red weals. 	Midges are so numerous as 
to constitute a major pest in some parts of the world. 	Biting 
rates of over 2,000 per hour have been recorded by Hopkins 
(1952) for Q rahamil in West Africa, anJ these are often ex-
ceeded in the west Highlands of Scotland by U. i;inctatus. 
C. iinpunctatus is the most numerous and troublesouie 
species in Scotland, and is the main subject of the present 
study. 	It was first described from Belgium by Goetghebuer 
(1920), and is widely distributed in Europe. 	Cameron et al. 
(1946) have collected specimens from Sutherland, Rose and 
Cromarty, Inverness, Argyllshire, Perth, 3tir1ing9 Dumbarton, 
Renfrew, Lanark, Dumfries, Peebles, Midlothian, Angus, Kin-
cardine, and Aberdeen. 
In Scotland interest was focussed on the midge problem 
from 1946 when Cameron et a).. produced a paper entitled 
Control of MidAes. anlnterirn Report of the bub-Committee of 
the Scientific Advisory Committee., in which they recomended 
the use of Dimethyl Phthalate as a midge repellent. 	This 
was followed in 1948 by A Seco2rt on the Control of 
Midges, which was concerned with surveying the Scottish species 
and summarising the existing state of knowledge concerning 
their distribution, seasonal cycle and biting habits. 
From this time onwards the study of bionomiec proceed-
ed simultaneously with that of taxonomy and control, since it 
was evident that an adequate knowledge of the habits of the 
midge was essential In conducting a programme of control. 
Hill in 1947 described the life-cycle of C. impunctat, 
which she was able to rear through to the adult stage from 
eggs in the laboratory. 	In 1950 Parker published a detailed 
study of the effect of temperature on the hatching of eggs In 
the laboratory. 	He found that development was most rapid at 
210C., when the larvae hatched after 7 days, and also observed 
that hatching was delayed by dessication. 	The resistance of 
the egg to dessication increased with age. 	Parker did not 
rear 0. inipunctatus through a whole generation in the labora-
tory, and subsequent workers have not been able to do this. 
In fact it has only been possible to maintain a laboratory 
culture of two species of Culicoides. 	A culture of C. rnbecp- 
losus was established in Glasgow by Dowries in 1947 and was 
successfully maintained till about 1955 (Megahed, 1956), and 
American workers have maintained a colony of Q. varlipennis 
(Jones, 1957). 	The fact that C._impunetatus could not be 
cultured In the laboratory has meant that physiological 
in 
studies on larvae and adults could not be made, and the em- 
phasis has therefore been on field work. 	It has not been 
possible to confirm the results of field studies by labora-
tory experiments. 
1though isolated observations on sites from which 
specimens had been obtained were available, for example those 
of Ldwars (1939), and Hill (1947), the species were not 
grouped on the basis of larval habitat until 192, when Kettle 
and Lawson classified breeding sites under six headings. 
These were: 	(1) Bogland; (ii) Fresh water marsh; 
(iii) Swamp; (iv) Mud; (v) Salt marsh and (vi) Dung. 
Q, impunotatus, in association'with C. truncorum, C. helio-
philts, C. albicans, and C. ohsoletq, occurred in bogland 
breeding ites. 	These were characterised by the growth of 
Sphagnum spp., Polytrichum, epp. and Juncus articu1atu. 
These plants served as !ood indicators of potential breeding 
Sit€s for t.. impuncatue, which must he tahen into account in 
work on adult bionomics. 
Hill (1947) showed that C. irap,unctatus passed the win- 
ter as a fourth instar larva. 	£'upation started in April and 
the first adults appeared at the end of the same month. 
There was a steady increase in numbers throughout May, and 
after a peak in June there was a decline. 	No adults were 
caught after August. 	These results were obtained in 
Lancashire. 	Parker (1949) working at a site by Loch Lomond, 
found that the season extended from the beginnin of June to 
the end of August, with a maximum in early July. 	He pointed 
out that the difference between his results and those of Hill 
were probably due to the fact that emergence tended to take 
place later in the north than in the south, 	Hill's method 
of estimating numbers was to capture all adults alighting on 
a black cloth within a period of an hour at a time related to 
the time of sunset. 	Parker used a sweepxiet in his studies. 
Kettle introduced the use of the sticky trap to the problem 
of estimating midge population. 	A grease-treated celluloid 
sheet is fastened round a metal cylinder, which is fixed to 
a post at a standard height above the ground. 	The celluloids 
are changed at weekly intervals, and the number of midges 
trapped in the grease over that period are an estimate of 
their abundance during that week. 	The use of this trap makes 
it possible to compare numbers at several different sites for 
the same week, and in addition eliminates the human factor 
and standardises trapping conditions. 	Working at a site 
near Loch Lomond (not the same as that where Parker worked), 
and using sticky traps, Kettle found that in the years 1948 
and 1949, 0. irapunctatus showed a bimodal seasonal distribu- 
tion with peaks in June and July. 	A bi!Ddal distribution 
had previously been noticed in 1947 by Currie (unpublished), 
who was using a sweepnetting technique. 	Currie was working 
at the same site as Parker, and in the same year. 	The dif- 
ference between the time-frequency distributions obtained 
by the two workers is explained by the fact that Parker was 
away on holiday at the time when Currie found a second peak 
Weather factors did not seem to be sufficient to account for 
the fall-off in numbers in the middle of the season, and 
Kettle put forward the suggestion that C. impunetatus might 
be composed of two biological races with different times 
of emergence. 	However, later work by Parish (unpublished), 
at Loch Maree and elsewhere in Scotland, showed that the 
two peaks did not invariably appear in the seasonal cycle, 
single peaks being obtained in some years for some sites. 
In his paper of 1949 Parker also described the daily 
cycle of C. impunctatus. 	Maximum numbers were captured 
between three hours before to one hour after sunset, and 
there was a second smaller increase in activity at sunrise, 
and they were virtually absent at other times of day. 	A 
similar pattern of activity was described for C. nubeoulosus 
by Downes in 1950 and for C. grahamil in est Africa by Nicho-
las in 1955. Nicholas also found that C. austeni in the 
same area showed a different type of cycle, being active 
all night after the light intensity had fallen below a 
certain threshold. 	Nothing is known about the mating 
habits of C. impunctatus apart from Downes' statement in 
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1955 that he observed four or five pairs falling through the 
air on one occasion. 	From this he concluded that mating 
took place during swarmin flight. 	He was however, able to 
study mating behaviour in greater detail on C. rietbi and 
C. nubeculosus and observations on some other species seemed 
to show that they were similar. 	Male swarms formed in re- 
lation to definite swarm-markers, cowpats, bracken fronds, 
etc., depending on the species. 	Females flew into the 
swarms attracted by the same markers as the males, and were 
recognised by the males, which swarm with antennal setae 
erected. 	Mating pairs fell out of the swarm. 	Subsequent- 
ly the male rejoined the swarm but the female did not. 	In 
addition _.ri2jLi and C. nubeculosus were able to mate In 
confined spaces. 	Another aspect on which very little work 
has been done is the feeding behaviour of Cu1Icojee. 
Cameron eta].. stated in 1946 that in their survey of 
midges In the est of Scotland C. impunctatus .ade up 76 % 
of the total population, but gave 90 	of all biting records. 
In the Second Report in 1948 they included this species 
among those fond feeding on cattle. 	Hill (1948, unpublish- 
ed) performed precipitin tests on the stomach contents of 
several species of Culicoides. 	She concluded from these that 
C. ijunctetue was the most important species attacking man, 
which confirms the findings of the other workers. 	Hill's 
findings must however be regarded as preliminary since 
collections were made in buildings, where there could be 
expected to be a bias. 	No studies on the gonotrophic cycle 
and the development of' eggs or on fertilisation have been 
made on British species. 	Nicholas (1953) described these 
for C. au3teni and C. grahamii using itiethods which were 
standard in rnoquito work. 
In 1951 Kettle published a paper on tne spatial dis- 
tribution of 	iirncty. 	He found that there was a 
movement away from the breeding site in the direction of 
the prevailing wind, and that a linear relationsLiip could 
be found between the logarithm of the catch and the distance 
from the centre of breeding. 	Having obtained the formula 
for the regression the average distances flown by males and 
females were calculated.. 	These were 79 yards for males 
81.4 yds for females. 	The vertical distribution of the catch 
varied accord1i to the location of the traps. 	In woodland 
where the canopy was about 20 feet C. lual),inctatus did not 
fly higher than lu ft. 	On open moorland the etch was 
evenly distributed between the three heights at which trap- 
ping was conducted. 	Where there was a herb layer however, 
the 2 ft. trap caught more than the 6 ft. 	Bracken did not 
provide suitable shelter, since of those traps situated 
among bracken the 	ft. traps caught less than the 6 i. ones. 
The distribution of males and females was also significantly 
different, and this appeared to be the result of a differ- 
ence in behaviour between the sexes. 	Differential behavi- 
our is also thought to account for the peculiar sex ratios 
obtained for many species of Cu1icjd, including C. im- 
çtatus, by various trapping nethods. 	Kettle reviewed 
these findings, which are scattered through the literature, 
Li 1955, and pointed out tht for 26 British species the sex 
ratios obtained by rearing adults from larvae are normal. 
rrhis brief survey shows that a considerable back-
ground of knowledge already exists concerning the habits 
of C. impunctntue. 	The first part of the resent thesis 
represents an attempt to fill in a few of the gaps in this 
background, particularly with regard to egg development. 
The second part concerns the effect of climatic factors on 
the activity of the midge. 
It was soon realised that in order to relate activ-
ity as measured by trapping to population dcnity, it was 
necessary to kno the effect of climatic conditions on 
activity. 	Kettle (1957) made a 24-hour study in which 
collections were iriade simultaneously wIth measurements of 
light intensity, temperature, humidity, and wind-speed. 
From this it emerged that C. imp.unctatus was most active 
under conditions of low light intensity, fairly high 
humidity and calm. 
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The difficulty of maintaining a culture or Culicoide 
in the laboratory has probably been responsible for the fact 
that no experimental studies have been made on the responses 
of the genus to physical factors. 	On the other hand much 
work has been done on the responses of mosquito species. 
For example, gartini and Teubner (1933, quoted by Bates, 
1949) worked on the responses of Aedeegypti and Anopheles  
maculipennis, and Thomson (1936) on those of Culex fatg, 
to gradients of temperature and humidity. 	Platt et al. 
(1957) described the effects of temperature, humidity and 
light on Anopheles quadriaCUlaUS. 	The interpretation of 
ecological findings in the light of such studies is not 
easy. 	The early work on the subject has been reviewed by 
Bates in 1949 and by Thomson in 1951. 	Daily activity 
cycles have been described for many species, and attempts 
have been made in some oases to explain these in terms of 
the microclimate. 	Important among those is the series of 
researches made on the biting cycles of the West African 
species by Iladdow and others. 	In 1945 Haddow put forward 
the view that the biting cycle of Ano2ileles gambiae which Is 
nocturnal and Eret.mapodites chrysogaster which is diurnal, 
were simply related to the daily temperature and humidity 
cycle. 	The former became Increasingly active as the tem- 
perature dropped and humidity rose, while the latter 
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shoed th. oopoi c reectim. 	It wez thou.h: that this 
hypothesis could be extended to explain the biting cycles 
of other species of mosqui toes. 	Later studies showed that 
this was not co. 	By 1956 Haddow huci abandoned this hypothesis 
in favour of the view that unfavour&:le microclLiiatic condi-
tions could inhibit biting, but that the hasc uttorn was 
related to the gonotrophic cycle, feuislcs at different stages 
biting at different times. 	Thi7:- 	7itd aied: rc :r put 
forward by Lumsden in 1952, who suggested that the wave of 
activity following the release of inhibition represented 
older females ready to bite, whereas younger females might 
require a period for maturation before feeding. 
Daily cycles are known for other groups of Ineects. 
Of th'se, that of the aphid has been extensively studied at 
Rotharasted Experimental Station over a number of years. 
Both 1aLoratory and field studies have assisted a better 
understanding of the factors contributing to the daily pat-
tern of activity than is at present available for any other 
insect. 	Early attempts to account for the changing numbers 
of aphids over crops were based on the hypothesis that ac-
tivity was directly related to chanIng weather conditions. 
Davies (1939) for ex3mple, stated that the conditions for 
aphid migration were a temperature above 700F., a low 
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humidity, and a wind-speed of less than 5 m.p.h. 	Thomas 
and Verai (1943) confirned these findings. 	However John- 
eon (1952) showed that the relation between catch, wind-
speed and temperature were nonsignificant when multiple re- 
gression methods were used. 	He therefore put forward a 
new hypothesis to the effect that flight activity was a 
reflection of the rhythm of moulting and maturation, and that 
this was only secondarily affected by climatic factors. 
Further investigations were carried out to eonfixn this. 
The moulting rates of nymphs of Aphis fabae in different 
parts of a bean field were estimated simultaneously with 
measurements of wind-velocity, temperature and humidity, 
while suction-traps sampled aerial density immediately above. 
It emerged that there was an obligatory resting period 
between moulting to the elate form and flight, and this was 
termed the teneral period. 	Aphids during the teneral 
period could not take flight even when conditions were 
suitable. 	Taylor (1957) showed both by field and labora- 
tory studies that the length of the teneral period depended 
on temperature, and that there was a "thermal constant" 
which had to be completed before an aphid was ready to fly. 
The relation between developmental velocity and temperature 
was shown to be a semi-logistic curve. 	It follows that 
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it is possible to calculate the length of the teneral period 
under a particular set of temperature conditions. 	Johnson 
and Taylor (1957) showed that aphids maturing during the 
hours of darkness were inhibited from flight, and tended to 
accumulate. 	As soon as light intensity and temperature 
rose above their respective thresholds, these took flight, 
giving rise to the early morning peak of activity. 	The 
numbers of aphids taking off thereafter showed an immediate 
drop, but there was a steady rise afterwards as higher day 
temperatures caused teneral periods to become shorter. 
Failing light and dropping temperature brought activity to 
an end by nightfall. 	Thus the bimodal activity well known 
for aphids was explained. 	Further, taking a case where 	the 
moulting rates and the temperature fluctuations for the 
relevant period were known, they reconstructed theoretically 
the pattern of activity which was to be expected. 	This 
showed a very good agreement with the activity which was 
actually observed. 	It would seem therefore that with 
aphids there is a fairly satisfactory understanding of the 
factors contributing to the hourly fluctuations in aerial 
numbers. 
In the case of aphids, as well as in the mosquito 
examples discussed earlier, the recent trend has therefore 
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been to regard the daily cycle of activity as basically de-
termined by developmental phenomena and modified by flight 
behaviour. 	The work described in the second part of this 
thesis was designed as a preliminary attempt to explain 









DESCRIPTION OF THE TRAPPING..SITE. 
The experimental work described in this thesis Was 
carried out at a field-station at Lephinrnore, Argyllshire. 
This is a research farm on Loch Fyne side, belonging to the 
Hill Farming Organisation. 	It was by kind permission of the 
Director, Mr. A.R.Wannop, O.B.E., that facilities were made 
available for carrying out the work. 	The West coast of 
Scotland was chosen because C. impunctatus was known to be 
abundant there, accounting for 76 % of the total licojdes 
Population (Cameron et al., 1946), and Lephinmore was selected 
in particular because mains electricity was available at the 
site. 	The Moredun Institute of Animal Diseases had been 
trapping Culicoid 	there over a number of years, using suc- 
tion traps of a type developed by Johnson (1950) and improved. 
by Taylor (1951). 	The actual trapping site was an enclosure 
17 ft. by 34 ft., in a large field south of the steading, and 
was fenced off with wire-netting and barbed wire to exclude 
animals. 	A cable had been taken from one of the mains elec- 
tricity poles by the road to the site, a distance of about 
50 yds. 	The site had trees on two sides of it, north and 
west, 15 and 25 yds. away respectively, but was open on the 






Figure 2. 	Map showing position of trapping site (T) in relation 
to steading. 	Breeding site indicated by dotted areas. 
L = Laboratory. 
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The field was aiainly dry, and its vegetation consisted 
of clover, Tifolium ree, and grasses, typically Cyoeuu 
cristatus. 	There were patches of bracken, Pteridium aquilin- 
further up the hill (see fig. 1 ) mainly in the south-east 
có'ner. 	The areas marked on the map as Marsh were charac- 
terised by the presence of.Juncus articulatus, 
Iris pseudacorus, and Ranunculus repens, while the areas dot-
ted in were those where Spbagnum app. were found, in associa-
tion with Polytrichum spp., Juncus articulatus, Carex echinate,t  
Iris pseudacorus and other species. 
A stream ran down the western border of the field, and 
to the east the ground fell away sharply to the burn. 	Beyond 
the burn to the east was a strip of boggy ground (see fig. 2). 
Besides drier patches where Holcus aiQilis, Festuca ovina teni 
ifolia, Erica ttra1ix and Calluna vulsgris grew, Sphaanum 
spp. Juncus articulatus, Juncue effuu, Care spp., Qrch 
icetou, Orchis purpurella and Eriophorunaguetiflium 
were Lound in this strip. 
Kettle and Lawson (1952) found that 3phagnmn app., 
lytriohuu app. and iuncus articulatus when in association, 
were good indicators of C. impnctatus breeding. 	On this 
basis there were three potential breeding sites on the farm 
(see fig. 2 ,; one on top of the slope and in the south-
west corner of the field, about 160 yds. away from the trap- 
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ping site, the second about 20 yds. to the west, and the third 
beyond the burn to the east, about 250 yds. away. 	The rela- 
tive extents of these three breeding sites is evident from 
figure 2. 	It was thought earlier (Kettle, 1951) that the 
average flight-range of C. impunctatus was under 100 yds. 
It has now been established that the species can fly at least 
half a mile (Kettle, in press). 	This means that all three 
sites could contribute to the suction trap catch, and it 
seems likely that the majority of the specimens came from 




MATERIALS AND METHODS. 
The most abundant species at Lephinmore from May to 
September is C. impunctatu, so this species was used in all 
the investigations. 	In addition fertilization studies were 
made on C. heliophilus and observations on obsoletus, circum— 
scri,Q_tus and riethi have been recorded. 	The two last named 
species were obtained as larvae from a site at Alrth, at the 
south end of Kincardine Bridge, described by Downes in his 
paper in 1955. 	They were reared to maturity in the labora- 
tory. 
Dissections were made on wild-caught female irnpunetatuS, 
heliophllua and obs3letus, to elucidate the stages of develop- 
ment of the ova. 	The specimens were taken from suction-trap 
collections (described in greater detail in Part II). 	The 
later stages of ovary development, which were not common in 
suction-trap collections, were obtained by keeping wild-
caught, blood-fed specimens in tubes in the laboratory at room 
temperature and feeding them on sucrose solution on alternate 
days. 	They were dissected at appropriate intervals of days. 
The abdomen of each specimen was detached and placed in a 
drop of physiological (0.9 9. ) saline on a slide while the 
thorax was dry-mounted and stored for further reference. 
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The dissection of the abdomen was carried out under a low 
power binocular. 	The anterior segments were held down with 
one needle and with another the terminal ones were loosened 
from their connections and gently drawn away. 	The reproduc- 
tive system usually came away with the terminalia without 
distortion and the alimentary canal could then be removed. 
A similar dissecting technique was used when measuring 
the ampullae and examining spermathecae, but for these studies 
live specimens were required and sweepnet collections were 
made. 	The living midge was transferred with a damp camel- 
hair brush to a slide and decapitated in saline immediately 
before dissection. 	11easurement of the ampullae was carried 
out using an eyepiece micrometer with a monocular microscope, 
oc. 6 obj. X40. 	At this magnification spermatozoa, when 
present, could be seen swimming actively round inside the 
epermatheca. 	As a confirmatory measure, however, the sperma- 
theca was generally mounted under a coverelip and crushed. 
This released the sperm into the surounding liquid where they 
could be seen more clearly. 
In an attempt to find the resting places of adult 
midges a second type of suction trap devised by Johnson et al. 
(1955) for extracting arthropods from herbage, was used. 	The 
apparatus is described in more detail in the relevant section 
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STAGE I 	 2 3a 	 3b 	 4 
BLOOD-MEAL 
The stages of development of the ova. 
Stages 1, 2 and 3 approximately X 30. 
Stages 4 and 5 approximately X 15. 
Frequency histogram showing the range 
of measurements of individual ova of 
C. impunctatue at Stages 1 and 2. 
Continuous line: 	Stage 1. 




The development of the egg-follicle in anopheline mos- 
quitoes was described by Chrietophers (1911). 	For conveni- 
ence he divided it into five arbitrary stages, and this classi- 
fication has been followed by subsequent workers. 	Ovulation 
in Culicoides was studied in two species, im2unctatus and 
heliophi1u., specimens from suction traps and sweeprLet collec- 
tions being used. 	Development of the ova of 0. austenl has 
been described by Nicholas (1953), but he did not relate the 
various stages with otnparable stages in mosquito development. 
The course of development of the ovum was found in the 
present investigation to be very similar to that of 
The follicle began as a group of undifferentiated cells, the 
outermost of which soon arranged themselves to form a distinct 
layer of Follicular cells. 	One of the cells in the central 
mass became distinct from the rest and took up a position at 
the lower end of the follicle to become the Ovum. 	The re- 
mainder were the Nurse cells, which, as the ovum enlarged, 
were pushed further and further towards the upper end of the 
follicle. 	They could still be seen at the upper end of the 
egg when the latter was almost mature (fig. 3 ). 	With the 
2? 
increase in size of the egg, yolk granules were deposited 
around the nucleus and gradually obscured it. 	The egg 
finally lost its oval shape and became elongated. 	Just 
before laying certain clear spaces appeared in the yolk 
which were taken to consist of reserve food material of a 
different refractive index to the rest of the yolk. 
Not all the changes described by Christophers for 
Anopheles were obvious, however. 	For example, the distinc- 
tion between the stage of fine yolk deposition and the ap-
pearance of coarse yolk granules in the cytoplasm of the egg 
was not clear. 	This was possibly due to the much smaller 
size of the ovum of Culicoides. 	The appearance of fine 
yolk granules is the criterion of the onset of Stage 2 in 
Anopheles, but since this was not clear in Cu.1icoides it 
was decided not to follow Christophers but to redivide the 
developmental cycle into stages on the basis of changes 
which were more striking. 
The sequence of changes observed was as follows: 
Stage 1. 	Follicle consisted of undifferentiated cells. 
Follicle and central cells became distinguishable. 
Stage 2. 	Nucleus of ovum became differentiated from nurse 
cells. 
Stage 3. 	(a) Yolkgranules appeared in the cytoplasm of 
the ovum. 	Yolk obscured the nucleus of the egg. 
(b) Ovum grew in length. 
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Stage 4. 	Ovum became elongate instead of oval. 
Stage _5. 	Clear spaces appeared in yolk. 
Egg was laid. 





Stag: 	 3 	 23 
4 	 4 
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Within the ovary of a single specimen the ova, though at 
the same stage of development, were variable in size. 	The 
lengths of five ova were taken for each individual and the 
largest and the smallest of the five measurements have been 
recorded in Tables 1 and 2. 	The five measurements were not 
randomly made, selection having been exercised to include 
the largest and smallest ova in the ovary. 	Where all the 
ova measured were the same length only one figure is 
recorded. 
The range in length of ova in specimens at the same 
stage of ovary development was as follows: 
C. iniDunctatus 
Stage 1 2 3a 
Range () 24.0- 40.8- 75.8- 
72.0 72.0 81.6 
Number of 
specimens 33 13 1 
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3b 	4 	5 
- 120.0- 374.4- 
220.8 	460.8 
0 	5 	2 
C. he1iohi1us 
Stage 1 2 	3a 3b 	4 	5 
Range (U) 33.6- 38.4- 	48.0- 76.8- 	84.0 	- 
/ 74.4 81.6 79.2 103.2 172.8 
Number of 
specimens 15 7 	4 3 	6 	0 
It will be seen that there is considerable variation in 
the sizes of ova at any one stage, and a certain amount of overlap 
between the stages. 	There does not seem to be any significant 
difference in the sizes of ova at Stages 1 and 2. 	This emerges 
from figure 4 which is a frequency histogram of lengths of ova 
at 8tagea 1 and 2. 	here there was a range of size within a 
single ovary, e.g. 38.4 i to 43.2,u the individual was entered 
in the columns corresponding to 38, 39, 40, 41, 42 and 43. 	From 
stage 3 onwards however, there is a steady increase in length. 
The Role of the Blood-meal. 
C. impunctatus can occur in astronomical numbers on 
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bog and moorland far from human habitation. 	The fauna or 
such situations consists of small mammals, birds and the oc-
casional sheep, and it is difficult to see how these could 
provide a blood-meal for a large enough section of the popu-
lation to maintain numbers more or less constant from year 
to year. 	It was therefore thought that a blood-meal might 
not be obligatory in the gonotrophic cycle and that it 
would be possible to demonstrate autogeny in this species. 
Blood-fed midges were caught with a sucking tube on 
a north-facing window In a henhouse, where they had presum- 
ably been feeding on the hens at night. 	They were kept In 
tubes at room temperature, and dissected after an interval 
of days. 	Unfed specimens in tubes were also kept, under 
identical conditions. 	Both series were fed on alternate 
days on sucrose solution soaked on filterpaper. 
The results of the dissections were as tabulated on 
page 25. 
. 	. 	 S 
It appeared therefore, that a bloodmeal was necessary 
for the completion of the gonotrophic cycle, and that develop 
rnent would not proceed beyond stage 2 In its absence, i.e. 
that yolk deposition would not take place. 	This agrees with 
the findings of Pfeiffer (1945) who showed that yolk formation 
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ReEu1ts of Dissections. 
Interval between capture 	 Ovary Stage 
and dissection days). 1 2 	3a 3b 
1 	 2 - - - 
Unfed. 	 5 2 4 - 
7 	 43 - - 
Total; 15 specimens. 
% showing yolk deposition: 0 
51,00dfed. 	 5 	 - 5 2 
7 - - - 4 
Total: 13 specimens. 
% showing yolk deposition: 46.2 
in ilelanoplus differentialis was dependent on the activity 
of the corpora allata, and Harlow (1956) who found a similar 
dependence in Protophormia terrae-novae, 	Wtgglesworth (1936) 
demonstrated that the activity of the corpora allata depends 
on its nutritive state, and that egg development halts until 
an adequate meal Is taken, when yolk deposition can occur. 
In Aides aegypti however, the resting stage Is ChrIstophers 
Stage 2 (Gillet, 1956), when yolk deposition has begun. 
The fact that the development of occytes beyond the resting 
stage was hoxnone controlled was demonstrated for Anopheles 
uiaculipennis by Detinova in 1945, by ligaturing specimens 
behind the corpora allata at different time intervals after 
the blood-meal. 	Similar experiments by Clements (1956) on 
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Cu1exp.piens and Gillet (1956) on Aèdes aegypti showed that 
the same was true for these species also. 
The results obtained for C. irapunctatus do not neces- 
sarily mean that this species is anautogenous. 	.Autogeny is 
known in the Culexpipiens complex where it has been exten- 
sively worked on. 	The ability to produce eggs without a 
blood-meal is influenced by factors other than genetical. 
Tate and Vincent (1936) found that in C. molestus which is 
autogenous, on an average 60 % of the females laid, but 
fewer when larval feeding was inadequate. 	Crosses between 
mo1eetu and piuien8 showed that autogeny always appeared 
in the P2 generation and sometimes in Fl (Tate and Vincent, 
1936) and Laven (in Mattingly et al., 1951) considers the 
character to be unifactorial and recessive to anautogeny. 
This means that autogeny may appear spontaneously In an auto-
genous population which Is nevertheless heterozygous for 
this gene. 	This has been known to occur (Vincent, 1933, 
quoted In Mattingly et ale, 1951). 	Thus to determine whether 
a species is autogenous or not several generations of in-
breeding under known rearing conditions would be required. 
Specimens of C. ciroumecriptus reared from pupae ob-
tained from Kincardine Bridge could not be Induced to 
develop eggs. 	This confirms the findings of Becker (1956). 
111 
A4 
ure_5. Mature ova of C. riethi: 	X 20. 
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Becker failed to induce this species to feed on mammalian 
or avian blood, or on cockroach nymphs. 
C. riethi reared frcii pupae from the same source 
was found to be autogenous. 	Four specimens, which had not 
fed, were found on dissection to be gravid. 	They emerged 
between 25/12, and 28/12,'1956 and were obviously gravid on 
4/1/1957. 	One was diraected iiuediately while the others 
were fed on sucrose solution and kept at a temperature of 
23 - 25 C. until 13/1  when they still had not oviposited. 
They were then dissected. 	Figure 5 shows ripe ova from 
one of the specimens. 
Sampling Herbage by Suction. 
The aerial population of C. impunctatus and C. hello-
as sampled by the suction-trap, was almost entirely 
composed of unfed females with ova at Stages 1 and 2 	Very 
early Stage Is  Stages 3, 4 and 5, and blood-fed specimens, 
appeared very rarely in the catches. 	C. obsoletus differed, 
blood-fed and gravid specirnsns being obtained quite fre- 
quently. 	In anopheline mosquitoes females with ovaries at 
early Stage 1 are those which are less than 24 hours old 
(Christophers, 1911). 	The infrequency of this stage in 
catches of Culicoides would be explicable If it were 
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similarly short-lived, since the life-span of C.incgu 
at least, as will be shown later on, is fairly long in com-
parison with the suggested duration of early Stage 1. 
The absence of blood-fed midges at the later stages 
of ovary development must be due to the fact that they are 
not active fliers. 	Very little is imon about the resting 
places of adult Culicoides in nature. 	Several species, 
jioaris, punctatus t obsoletu, eotiçp, 	and oc- 
casionally tmpunctatp, were found at the base of whitebeaxn 
trees outside the oology Department at Glasgow (Kettle, 
personal comunication). 	Nicholas (1953) took reting 
engorged C. austeni in buildings there they had been feed-
ing, and on dead banana and plaintain leaves hanging round 
the stems of the plants. 	Sweepnet and suction tube collec- 
tions in buildings and on vegetation failed to reveal the 
resting places of C. iipunctatus. 	Jobling (1953) found 
adults of C.-vexans resting at grass-roots, and in the soil 
to a depth of 5 inches on dry days. 	It is impossible to 
sample habitats like these with a sweepnet and collection 
of resting midges therefore presented a problem. 
Johnson LL. (1955) described a method of extract-
ing small arthropods out of vegetation which seemed to be 
the solution. 	The apparatus was essentially a suction-pump. 
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A rubber nozzle at the end of a flexible hose led to the 
collecting-bag, which was housed in a metal tube attached 
to the intake of an electric blower. 	The prototype of 
this apparatus was boiTowed from Rothameted for part of the 
summer of 1956. 	It was run off the mains and by the use 
of a 200 yard cable a very large area was sampled. 
The trap was used on various types of habitat - 
open grassland, bog, bracken, holes in wails, banks, etc. - 
but with very disappointing results. 	when used on dry 
situations, although other arthropods were picked up satis- 
factorily, no midges were found. 	This could not be taken 
as proof that they are not resting on open dry grassland 
because there was evidence that Chirononiids and other 
small Diptera were being damaged and in some cases becom-
ing unrecognisable during their passage through the hose. 
xtractjons were also made with the hose removed and the 
nozzle attached directly to the mouth of the tube, but this 
made the apparatus rather unrnanoeuvrable. 
Then used on the bracken and rushes at the edge of a 
breeding-site on the opposite bank of the burn to the labora-
tory (see fi'. 2 ), the trap found raid, ee on two occasions 
only. 	On these occasions the hose had been removed. 




AMPULLA DIAMETERS, GROUPED 
CLASS INTERVAL 2 A.U. 
Figure 3 
Diagrammatic representation of 
the fem1e reproductive tract of 
C. impunctatue, 
Figure 7 
Frequency histogram representing 
the range of ampulla diameters 
measured. 
A U. = arbitrary units. 
3. a,u.= 2.4 microns. 
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20/7/1956, 12.30 p.m. 	4 S C. impunctatus. 	Juncus, Ranun- 
culus. 
1 gravidCpidicorrii. 	Juncus, 
Ranunculus. 
4.30 p.m. 	4 unfed C. impunctatus. 	Bracken 
and long grass. 
On damp ground the method failed entirely, 	dater was 
sucked up and any small insects that were taken were complete- 
ly unrecognisable. 	This was unfortunate as it is highly 
probable that midges choose resting places on boggy ground. 
Ampulla Measurements. 
1er (1932) described the changes which take place in the 
size of the common oviduct of Anopheles eacharovi which make 
it possible to distinguish between nulliparous and multi- 
parous females. 	Since then many other workers have used 
this character as a criterion for aging wild-caught females 
of several species of Anopheles (see the review by Davidson, 
1955). 	Measurements were made on the oviduct of C. impunc- 
tatus in the hope that similar changes in size would emerge. 
It was found that, as in Anopheles, the proximal part of the 
common oviduct showed two distinct dilations, the aui2u11ae 
(fig. 6). 	Only the diameter at right angles to the main 
axis was measured, since the other was not very well- 
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defined. 	.hen the two ampullae were unequal in size, the 
larger of the two measurements was used. 	)evidron (1955) 
emphasizes the fact that the ineree in mpul1a size being a 
continuous p:'oceas, only females at the same stage of the 
gonotiophc cycle should be compared if clearcut differences 
in size between nulliparous and multirarous inecifnens are to 
emerge. 
	
	All the specimens of C._impuctnus used in this 
study were caught flying and had ovaries at stages 1 or 2. 
It was found convenient to work directly in ampulla 
dianetere rather than in enipulla areas as -Aler did. 	14a- 
meters were expressed in arbitrary unite equivalent to 
2,4 , u and these have been used in drawing up the frequency 
histogram in. figure 7. 	For actual measurements see 
Table 3. 	The ampulla diameters measured ranged from 60.0 1u 
to 112,8 u. 	This may be compared with Anophelesbiao, 
where diameters ranged from 109.0 1u to 340.0 p Davidson,(  
1956). 	Davidson's dissectione were made in dietl1ed water, 
which caused the ampullae to swell a little. 	It is poss- 
ible that in distilled water a wider range of diameters would 
have been obtained for Cu1icoid, but the degree of dis-
tortion seemed to be excessive, so saline was used, 
on comparing this frequency distribution with a normal 
distribution a chi-square (x2) of 22.01 is obtained, 	For 
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7 degrees of freedom (n) this corresponds to a prob.ibi1ity 
() of 0.01. 	A normal distribution cannot, therefore, be 
fitted to all the data. 	If both nulliparous and parous 
females, having different ampulla parameters, are included 
in the populations sampled, one would expect to find at 
least two groups contained in the data, 	The first five 
classes appeared to form a separate entity, which, when 
tested for normality gave a chi-square of 5.66. 	For 2 
degrees of freedom, a probability within the 0.1 - 0.08 range 
was obtained. 	The deviation from normality was there- 
fore insignificant. A similar test for normality for 
classes 6 to 12, which were taken to constitute the second 
group, again showed no significant deviation (X2 = 4.07, 
n = 4, p = 0.5 0.3); see note to Table 3. 	Class 5 
has been included in both groups since it is not obvious 
to which it bclon;s. 	croup I, therefore, includes females 
having ampulla diameters between 25 and 34 units (60.0 1u 
and 81.6p) and Group II those with diameters betveen 33 and 
48 units (79.2 1u and 115.2?). 
	Individuals with ampulla 
diameters from 79.2 to 81.6 
	cannot be assigned with 
certainty to either group. 
It seems more satisfactory therefore to explain the 
distribution of frequencies represented in figure 7 in 
terms of two normal distributions rather than a single one. 
There is no biological evidence that the two populations 
correspond to two age-groups, and the choice of class 5 as 
a dividing point is thus somewhat arbitrary. 	It was un- 
fortunately not po-sible with the inadequate facilities 
available at the fieldstation to rear adults from pupae; 
and all the specimens which were induced to oviposit in the 
laboratory died immediately afterwards. 	It was therefore 
not possible to measure the ampullae of females of a known 
age. 	Only one of the females dissected had two eggs from 
a previous egg-laying retained in the ovary of one side. 
This specimen had an ampulla diameter of 38 units 
thus falling within Group II. 
Though the evidence produced is in accordance with 
the hyoothesis that there is, as in AnpheIes, an increase 
in the size of the ampulla with age, disstions on labora-
tory reared specimens of known age are necessary to confirm 
this. 
The specimens dissected in this study were randomly 
selected from sweepnet collections. 	It is interesting to 
note thet rou II females are more numerous than Group I, 
there bein 31 and 21 indiviivals respectively to each 
group. 	If the two groups do in fact correspond to the 
two kinds of females this means that In the latter half of 
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Auust when these dissections were :iade, only 40.4 % of the 
population had not oviposited before. 	The remainder had 
been through at least one gonotrophic yc1e already. 	This 
could indicate that towards the end of the season the im-
portance of the newly emerged section of the popult1on was 
dwindling, and that most of the females f1yin; had emerged 
some time previously and had returned for another blood-meal. 
To make this possible an appreciable section must survive 
the first egg-laying, and the average length of life must 
be several weeks. 
Fertilisation Studies. 
Wild-caught females of two species, impunctatus and 
hCliOphliUS, were dissected in saline and their epermethecae 
examined for the presence of sperm. 	Both these species 
have two functional spermathecae and o central rudimentary 
one. (Edwards, 1939). 
The results obtained are given in Tables 4 and 5 
28 of the 30 impunctatus females examined had been fertilis- 
ed. 	These included blood-fed and unfed specimens, some 
caught flying and others which had entered a henhouse to 
feed. 	Collections were made both in the morning and in 
the evening. 	With heliophilus on the other hand only one 
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out of the fifteen females dissected had been fertilised. 
The high percentage of fertilised females of C. ira-
punctatue obtained would seem to indicate that Mating takes 
place either directly on emergence or at least before fly- 
ing and feeding behaviour begins. 	If this is so it would 
not be necessary for males to fly long distances from the 
breeding sites, and this might in part account for the 
peculiar sex-ratios obtained by various workers. 
The results obtained with C. impunctatus resemble 
those obtained for C. austeni by Nicholas (1953). 	He 
found that 11 of the 12 specimens he dissected had sperma- 
tozoa in their spermathecae. 	In the laboratory however, 
biting was not inhibited by the lack of mating. 	The fact 
that one of the two female C. impunctatus which had not 
been fertilised was blood-fed shows that in this species 
also mating is not essential to feeding. 	This is also 
the case with most mosquito species, although higher biting 
rates for fertilised females than for unfertilised were re-
corded by Bates for Anopheles atroparvus and by Burgess and 
Young for 	adrimaculatu (quoted by Bates, 1949). 
C,heliopb.ilus must differ in its matins habits from 
C. im2unctatus and C. auteni, since only one of the speci- 
mens had been fertilised. 	Here also two specimens which 
had not been fertilised had nevertheless taken a blood-meal. 
Summa. 
The stages of development of the ovum of C. im2unctatus 
were described and assigned to five stages. 	The gonotrophic 
cycle of C heiihilua was also studied and found to be similar. 
C. itnpunetatus could not be induced to develop beyond Stage 
2 of the gonotrophic cycle without a blood-meal. 	C. circum- 
Lqrl2jus was also found to be anautogenous. 	C riethi was 
however, shown to be able to develop ova to maturity without 
taking a blood-meal. 
The aerial population of IL,_impunctatus was almost en-
tirely made up of unfed females with ovaries at Stages 1 or 2 
of the gonotrophic cycle. 
An unsuccessful attempt to suck resting midges out of 
herbage with a trap devised by Johnson and others (1955), 18 
described. 
Ampulla diameter measurements made on the oviducts of 
wild-caught C. ipunctatus showed a bimodal distribution, 
thought to correspond with the nulliparous and aultiparou8 
sections of the population. 
28 out of 30 female impunatus dissected had been 
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fertilised, while only 1 out of 15 heliophllus females had 
speraatozoa in their sperrnathecae. 	It was therefore 
thought likely taL C. luipunctatus gates very soon after 
emergence, whereas C. heliophilim undertakes some other 
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Campbell and Peiharn-Clinton (personal communication) 
have listed the species of Culicoides taken at Lephinmore. 
Of these only C. impunctatus and C. heloph1ljs occur in 
sufficient numbers to inke statistical analysis of the re- 
sults ossible. 	C. heliophilus is most abundant at the 
end of June and the beginning of July (Parker 1949), but 
after the end of July it appears only rarely in the catches. 
C.iLnpunctatue is available in appreciable numbers well 
into September, and thus provides a considerably longer 
workin season. 	This species only was used in the inves- 
tigations on the relations between climatic factors and 
abundance. 
Collections were made with a type of suction-trap 
devised by Johnson (Johnson 1950 a and b. Taylor 1951). 	A 
Vent-kxia fan sucked flying insects into a metal-gauze cone 
and thence into a collection-tube. 	A pile of metal discs 
was supported below the fan-motor by the two jaws of a re- 
lease mechanism. 	This was operated by a time-switch which 
at preset intervals allowed current to pass through a 
solenoid which became magnetic and pulled the release to 
one side. 	This allowed the last disc to fall down a 
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central rod into the collecting-tube, while the penultimate 
one replaced it on the lower of the two shelves of the re- 
lease. 	Londex time-switches were used instead of Venner, 
which were used in the prototypes (Johnson 1950 a and b, 
Taylor 1951) at Dr. Johnson's suggestion. 	Throughout the 
trapping th time-switch was set so that discs were dropped 
at hourly intervals, so that the catch was sorted automati- 
cally into hourly samples. 	The collecting-tubes were 
changed at 24-hourly intervals. 	It was found most con- 
venient to do this at mid-day when activity was low, so 
that the presence of the experimenter, providing a source 
of blood, caused as little disturbance as possible in the 
normal pattern of activity. 
The discs were fringed with rubberized cloth in-
stead of Egyptian cotton, since Campbell and Pelham-Clinton 
(personal communication) found that this material stood up 
to prolonged soaking better under field conditions. 	They 
were coated with an acetone extract of pyrethrum, which 
gave a quick knock-down to the insects caught but did not 
kill them. They were kept therefore, before the tubes were 
opened, for one hour in a closed container with some ethyl 
acetate soaked on cottonwool in order to kill the insects. 
On very wet days it was necessary to dry off the catch 
with gentle heat before attempting to remove specimens 
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from the discs. 	It was generally possible to get most of 
the catch off in a recognisable state. 	The rest were re- 
corded as unidentifiable. 
Three of the traps were operated simultaneously 
within the enclosure. 	These are referred to throughout 
as Traps A, B and C; they had their mouths at 6 ft., 3 ft., 
and 6 in. respectively above the ground. 	The slope of 
the ground within the enclosure was approximately 1 in 
2.3. 	On the assumption that height above the ground is 
more irnprtant to a flying insect than actual height above 
sealevel, no correction for slope was made. 
The 6 in. trap was suspended by its rim from a hole 
in a sheet of fibre-board laid over a pit dug in the ground. 
Turves were placed over the fibre-board to ive this trap 
when seen from above, a similar background to traps A and 
B. 	Trap C was lifted up and supported on a pair of posts 
while the collection-tube was being changed. 	After 
heavy rain the level of soil-water rose and the pit was 
sometimes flooded, 	tien this occurred the trap was 
switched off and removed from the pit to dry out. 	This 
accounts for the discontinuity of the records for trap C. 
Meteorological Conditions. 
Simultaneously with trapping, recordings of climatic 
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igure 10 
The electronic switch and recorder used for recording 
temperatures at three heights. 
A = unit containing iheatetone Bridge Systems. 
B = Amplifier. 	C = .ower unit. 
D = Sequence control unit. 
E = Phase sensitive detector. 	F = Recorder. 
Type of record obtained. 
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endiions were aade. 	Only one recorder was available, 
an Everett Edgecumbe Inkwell Graphic Ammeter. 	The problem 
of recording a number of different impulses with a sin4e 
pen was resolved by using an electronic switch to select 
each in turn in a predetermined sequence. 	This apparatus 
was designed by the :est Fife Electronics Laboratories, and 
the following is virtually the makers' description: 
The equipment comprised a remote-controlled AC excited 
Wheatstone Bridge system for use with various transducers 
such as Thermistors, Pressure Gauges etc. 	There were 
two independent 25 Channel Bridges with vance controlled 
bridge supplies, which could be set to any voltage from 
0-6 volts 50 C.P.S. 	Channel selection ecs accomplished 
either by a panel switch, or remotely, and the channel 
selected was indicated by lights on the panel. 	The remote 
operation of the channel selecting switch was performed by 
a Sequence Control Unit, which, after the closing of a pair 
of remote contacts (on a time-switch), would select each 
channel in turn, and allow a predetermined record period 
followed by a similar period during which the recording 
meter was disconnected; thus giving a base line after the 
record for each channel. 	Switching was provided so that 
when the last channel in use had been monitored, the whole 
equipment was reset and awaited the next signal from the 
time-switch. 
The output of the selected bridge channel was fed 
into an amplifier, 	The amplifier output was fed into 
the phase sensitive detector which was designed to acti-
vate the 0-1 mc. tecorder of internal resistance 1000 ohms. 
All power to control the channel selection, indica-
tion and the various control relays was provided by a power 
unit supplying 50 volts D.C. 	This power unit also pro- 
vided the supply for the amplifier. 
Figure 10 is a photograph of the apparatus and the ammeter. 
Not all the 50 possible channels were used. 	Four 
fixed resistance ratios and nine theiaistors were decided 
on, but for reasons explained later, three of the therrnis- 
tore were not used after the preliminary experiments. 	It 
was found that with a chart-speed of 6 in. per hour and a 
record time of 12 sect'. it was possible to get clear separa- 
tion between successive readings. 	The time-switch was 
Get so as to complete the circuit every quarter of an hour, 
so that there was a complete set of readings every fif-
teen minutes. 
The four fixed resistance ratios were put in as 
calibration steps. 	The mains voltage was found to be 
Figure 12. 	Thermistor, with radiation shield. 
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variable, there being an increase during the. night. 	It 
was possible to correct the thermistor-resietance readings 
with reference to the position of these calibration steps. 
The type of record obtained is shown in fiure 11. 
Temperature and Huid4. 
Following Penman and Long (1949) six type F thermis-
tore, made by Standard Telephones and Cables Ltd.. were used. 
They were arranged in pairs to give wet and dry bulb read-
ings at 6 ft., 3 ft., and 6 in. above the ground, corres- 
ponding with the three trapping levels. 	No lagging was 
used. 	White-painted hemicylindrical shields of metal 
gauze protected them from radiation from above. 	(See 
fig. 12.) 	Tubular wicks, supplied by the Meteorological 
Office, were used for the wet bulb thermistors. 	These 
gave a more uniform wetting than the more usual sleeve type. 
Balancing resistances were chosen so that tempera-
tures from 00 to 400  C. were accommodated on the width of 
the chart, allowing for drift either way due to change of 
voltage. 	Each thermistor was calibrated in arbitrary 
units related to the divisions on the chart, Instead of 
in ohms. 
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Figure 13. 	The radiation recorder. 
Figure 14. 	Type of record obtained. 
Again following Penman and Long (1949), type L 
thermistors were to have been used for the eesurement of 
wind speed at the three heights. 	It was found however 
that the instrument was not suitable for continuous record- 
ing since moisture condensed on the exposed bead. 	After 
the preliminary trials therefore, they were abandoned. 
The daily run of wind was recorded at the meteorological 
station at the farm, with a cup-anemometer, and these 
readings wei'e used to correlate wind with daily midge 
activity. 
Radiation. 
It is not possible to incorporate a photo-cell into 
an electronic circuit. 	A self-contained recording instru- 
ment was therefore required. 	The funds available were not 
sufficient to purchase a light recorder. 	The idea of 
measuring light intensity was therefore abandoned. 	A 
radiation-recorder designed by Blackwell, and made commer-
cially by Cassell.9 and Co. was borrowed from Eskdalemuir 
Observatory. 	A blackened metallic strip under a glass 
dome caused, by its expansion, the deflection of a pen 
arm. 	The pen marked a chart driven by a clockwork 
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mechanism. 	At night the radiation was zero, and the pen 
dropped to a steady position, thus providing a base-line 
against which the amount of radiation could be measured. 
During the day the radiation over a period was proportion-
al to the area between the truce for that period and the 
base-line. 	Figure 14 shows the type of record obtained. 
Arrangement of Instruments. 
The recorder and electronic switch were housed in 
a wooden hut just outside and to the north of the enclosure 
within which the three traps were placed. 	There were 
leads from the hut to the thermistors, which were attached 
to a post 10 ft. within the enclosure. 
The radiation recorder occupied the south-west cor- 
ner of the enclosure. 	In this position it was not in 
the shadow of any of the other instruments at any time of 
day. 
The traps occupied the eastern part of the enclosure. 
They were arranged more or less at the angles of an equi- 
lateral triangle of side 8 ft.. 	B and C were approximate- 
ly at the same level on, the slope, while A was lower and 
to the north of them. 
Mathematical Treatment of the Data. 
The suction trap records consisted of numbers of 
midges caught per hour at the three different heights. 
Hourly catches were used in the comparison of activity 
with radiation, and with temperature and humidity. 	For 
other studies the catch for a period of 24 hours was taken 
as the unit. 	The period selected was from mid-day to the 
following mid-day. 	Since there is a natural cessation 
of activity in the middle of the day it seems reasonable 
to consider morning activity as being a continuation of 
that begun on the previous evening, and to treat the 
two together as a unity. 	A consideration of activity 
from midnight to the following midnight would give an 
artificial grouping. 	Accordingly, except where other- 
wlsr stated, "daily activity means activity for the 
period beginning at 12.00 on a given day to 12.00 on the 
next day. 
The main statistical methods used, were Analysis 
of Variance, Correlation and Linear Regression (Snedecor, 
1937). 	The Multiple iegressions performed on the data 
for temperature, humidity and activity were calculated 
according to the method described, by Voo1f (1951). 
Curve-fitting to the data on seasonal distribution of 
the catch was done with the assistance of Dr. L.J.Halo 
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Figure 15. The vertical dis-
tribution of C. impunctatus 
in 1957. 
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Figure 16. 	Numbers of Haematopota spp. caught 
at different times of day in 1957. 
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RE UULTS 
Vertical Distribution of the Catch. 
A grand total of 27,587 female Q., impuncaus was 
caught over the whole of the trapping season in 1957. 	These 
were distributed between the three traps as follows: 
Trap Total Number Arithmetic Mean % 
Number of days mean - -- 
A 13,867 71 195.2 50.9 ± 6.1 
B 12,260 71 172.7 43.0 5.4 
C 1,460 58 25.2 6.1 2.1 
For catches for individual days see Table 6. 	Mean per- 
centages were calculated only on the basis of the fifty-five 
days when data was available for all three traps and the 
total catch for the day exceeded ten. 	The distribution 
of the catch between the traps is showii graphically in 
Figure 15. 
The results obtained may be compared with Kettle's 
(1951) results on the vertical distribution of the females 
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There would appear to be no significant difference between 
Traps A and F, but C caught significantly fewer midges through- 
out the season. C. 	impunctatus were not therefore flying 
in large numbers near the ground. There was a more or less 
even distribution between the three and s1t foot levels, 
and Kettle's results seem to indicate that there is no fall 
off in numbers between 6 ft. and 10 ft. 	His figures show 
a distinct falling off at 2 ft. however. 
7ork on the vertical distribution of other species 
of Culicoidee has also been done. 	Snow (1955) stated that 
five species, C. roitti2ennisp haernatopots, p.raen1, 
spinosus, and boringueni, have a general canopy preference 
as shown by biting activity at 30 ft., while C. travi.si  is 
more active at shrub level. 	Lumsden (personal coaiaunication) 
using suction-traps in Uganda found that a trap at 17 metres 
caught more Culicoides spp. than those at 21 and 7 metros. 
For the same trapping period the numbers he obtained were 










Neither of these workers, however, made observations on the 
vertical distribution of Culicoldea in open country cotnpar- 
EPW 
able to the trapping site where the present work was carried 
out. 
The clegs (Haematoa spp. ) which were caught during 
the season showed the opposite type of distribution to C. i- 
punotatus. 	All the specimens caught were females. 
Trap jH._21qvifLlis H. 	crassicornis total catch 
A 3 0 7.1 
B 6 0 14.3 
C 32 1 78.6 
There are three possible explanations of the larger 
number of clegs caught in C. 
There were more clegs f1y1n at 6 ins. above 
the ground than at 3 ft. or 6 ft 	This sort of reasoning 
would be tenable with weak fliers like aphids or nudges, 
which are sucked passively into the traps, but larger and 
more active insects can be expected to be able to elude them. 
Thus the numbers caught at different heights above the 
ground may reflect a behaviour difference rather than a dis- 
tribution pattern. 	Another hypothesis is that: 
The clegs were flying more slowly at 6 ins, above 
the ground than at the other heights and were therefore being 
caught in C while they flew past the mouths of A and B. 
Kettle (19b'7) has shown that clegs are active under hot, dry 
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find bright conditions. Under such conditions the air layer 
nearest the ground has a higher temperature than the layers 
above it (Geiger, 1950; Best et al, 1950; Robinson and Rider, 
1950). 	By simple orthokinesis animals may show a higher 
rate of movement under less favourable conditions (ireenkel 
and Gunn, 1940). 	Thus the clegs may be flying more slowly 
in the air layer where conditions are most favourable. 
Figure 16 shows the hourly distribution of the clegs caught. 
It will be seen that most were caught in the afternoon, the 
largest number coming in between 17.00 and 18.00 hours. 
(3) 	The possibility that the clegs were being caught 
as they were coming down to rest on the. ground cannot be 
ruled out. 
Hourly Variation 
Well defined activity cycles are known for several 
species of Culicoid. 	Nicholas (1953) found that C. aus— 
teni bites all night while C. grahamil shows morning and 
evening peaks of act1vit 	7arker (1949) caught maximum 
numbers of C. iEi.~,qnctatus in the evening, at a time related 
to the time of sunset. 	There was a smaller rise in acti- 
vity at sunrise, and they were almost absent at other times. 
These findings were not entirely borne out in the present 
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Hourly distribution of the catch of C. inpunctatus 
over the trapping season 20. 6 - 21. 9. 1957. 
Figure 18 
Hourly distribution of the catch of C. impunctatu 
over thc periods: 
20. 6 - 14. 7 
18. 7 - 2. 8 
8 - 20. 8 
9 - 21. 9 1957, respectively. 
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different times of day, totalled over the whole of the season, 
are given In Table 7. 	Figure 17 is a histogram showing this 
distribution. 	It is clear that the level of activity at 
night remains high, as was stated by Edwards (199), maximum 
activity occurring before midnight. 
For more detailed analysis the season was broken up 
into four periods, and the total catche for each hour within 
these periods are given in Table 7. 	pppj 	was not continu- 
ous over the season and the four periods were selected so that 
each included roughly the same number of trappin days. Fig-
ure 18 shows the pattern of activity within each of these 
four periods. 	Before June 21st the time of sunset grows gradu- 
ally later each day, and after that date shifts gradually for- 
ward again. 	On comparing the hourly distributions of the catch 
shown in figure 18 it Is apparent that there was no correspond- 
ing change in the relative position of maximum activity. 	The 
lack of definition of the evening peak of activity cannot 
therefore be explained merely by the fact that the time of sun-
set varied over the season. 
An analysis of variance was performed on the figures In 
Table 7 
r
ource of Variance T D. f. 	Sum of squares 	Mean Square 
Total 	 95 	14,187 9,80633 
Periods 3 1 	9t 2839 929. 38 	3,0940 643.13 
Flours 	 23 	1,003,242.38 43,619.23 
Disorepance 	 69[ 3,900,534.87 	56,530.94 











The Between-hours variance was found to be less 
than Discrepance, and therefore insignificant, while there 
was a large and significant difference between periods, 
i.e. seasonal variance. 
An analysis of variance was also peformed on the 
logarithms of the totals given in Table 7. 	The effect of 
the transformation into logs, is to minimise the effect on 
the mean of unusually large or unusually small numbers, 
which weight It unduly when arithmetic means are being used. 
The results were as follows. 
A Variance Ratio (F) of 1.94 was obtained between 
hours and discrepance which for 23 and 69 degrees of freedom 
corresponds to the .05 level of probability. 
It was therefore concluded that although there might 
be a significant difference between the hours of the day as 
regards activity, the diurnal cycle, if it existed at all, 
was not as well defined as was described by Parker (1949). 
There was a generalised increase in activity in the evening, 
but the basic pattern was greatly modified by other factors, 
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the effects of which are considered later. 
Seasonal Distribution of the Catch. 
The seasonal cycle of C. impunctatus ics heer eslt 
with by several authors. 	Hill In 1947 stated that she 
first took adults in late April, that there was an increase 
in numbers throughout May, a peak in June and afterwards 
a steady decline, and that the season came to an end in 
August. 	Cameron (1948) obtathed maximum emergence from 
the last week of May to the first week of June, and did 
not take any after August. 	Parker (1949) found maximum 
numbers flying in June and early July, and suggested that 
the difference between his results and those of Hill were 
due to the later emersnce of adults the further north one 
went. 	None of these authors appear to have noticed any 
falling off in numbers during the season and subsequent 
recovery. 	In 1950 Kettle showed that the seasonal dis- 
tribution of C. impunctatus as sampled by sticky traps was 
bimodal in 1947, 1948 and 1949, with peaks in June and July. 
The hypothesis that unfavourable weather conditions were 
responsible for the small numbers caught in the middle of 
the season did not adequately explain these results, and 
it was concluded that the bimodal distribution was the 









Figure 19. 	The seasonal distribution of the catch 
of C. irnpunctatus in 1957. 
Broken line: 	mean catch obtained. 
Continuous line: theoretical curve fit- 
ted to the data. 
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gested that this might be due to the fact that the adult 
population was made up of two biological races with differ-
ent times of emergence. 
The daily catches for 1957 at Lephinuaore are given 
in Table 8. 	The daily totals for all three traps have 
been used. 	The variation between successive days cannot 
be due to population chenges and iust be due to a climate 
dependent activity factor. 	This daily fluctuation tends 
to mask seasonal trends due to ahanges in the impunctatus 
population. 	In figure 19 the catches have been grouped 
in order to brin out these seaaDnal changes and eliminate 
minor changes due to weather. 
Logarithms of actual numbers were used, so that the 
effects of abnormally small or abnormally large catches on 
the mean would be minimal (following williams, 1937). 
The days were grouped in five-day periods, but where trap-
ping was discontinuous four or three-day groupings were 
used. 	(See Table 8 for details.) 	In figure 19 the 
mean for each group has been plotted against the mid-date 
for the period. 	A bimodal distribution emerges, similar 
to those obtained by Kettle (1950). 
A smooth theoretical curve was fitted to the data 
(fig. 19). 	The curve finally selected was a cosine curve 
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of increasing amplitude. 	This was fitted in the following 
way. 	A straight line re re3sion was first calculated from 
the data, using the formula: 	y = a + bx. 	Then a curve 
having the form, 	x cos A  x + q was fitted to the 
divergences from the straight li 	greasion (Y), where 
p = the amplitude. A = the ways-length, and q = a cor- 
rectIon for the ori4n. 	The calculated values of Y were 
used in calculating regression in a test of significance: - 
Item 	)um of Equaree 1 D. f. J Variance 
Regression 	1.4337 
	
1 	I 	1.4337 
Remainder 2.4708 13 0.1901 
I TO tal 	I 	3.9045 	14  
t = 2.746 
For 13 degrees of freedom this value correspondt to 
a probability of .02 	The curve was therefore considered 
to be an adequate fit. 
Curve fitting was undertaken on the as:uut1on that 
the normal pattern of emergence Is bimodal, and that the 
curve would represent population change over the season. 
One could then try to explain the difference between cal-
culated and actual figures in terms of climatic factors. 
In practice, however, the curve chosen, though it gave a 
significantly good fit, was far from ideal. 	The periods 
Figure 20. 	Seasonal distribution of C. impuncta tus 
in 1957 as shown by 5 day running means. 
2 
DATE, 1957. 
Fizure 21. Seasonal distribution of C. impunctatusat 
Strachur in 1957. 	(Parish, unpublished.) 
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whose Enid-dates were 26. 7, 19. 8 - 20. 8, and 6, 9 9 all of 
which fell below the calculated values, were associated with 
periods of higher than average wind. 	On the other hand it 
was not possible to explain why the mean catches corresponding 
to mid-dates 5. 8, 10. 	8 and 15. 8, 	should exceed theoreti- 
cal values as much as they did. 	A curve fitted by the 
methods used is therefore only partially successful as an In- 
dex of population level. 	The fluctuations due to climatic 
factors are too great for the true pattern to emerge from 
curve-fitting on the data as it stands. 
It was therefore decided not to uce this curve in 
further work on the effect of climatic factors on the acti- 
vity of C. impunctatus. 	Following 'illiams (1940) five-day- 
running means were taken as an indication of seasonal trends. 
Figure 20 shows the picture which emerges by this method. 
It is interesting to compare the results obtained 
with those of Parish (unpublished) for the same trapping 
period. 	He was working at ttrachur,, ten ailee further up 
the coast, using sticky traps. 	Figure 21 shows the season- 
al picture he obtained. 	A bimodal distribution is evident, 
but v.ihereas at Lephinmore the second peak was larger than 
the first, the reverse was the case at Strachur. 	The bi- 
modal distribution was therefore a real phenomenon in 1957 
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for that part of the est Coast of Scotland. 	Other results 
of Parish (unpublished) indicate however that there may be 
a single peak of activity in some years. 
Bimodal seasonal distributions are known for other 
insects. 	The dragonfly Anax imperator is an example 
(Corbet, 1954, 1955 and 1956). 	Corbet explained this time- 
frequency distribution as the result of the existence of 
two groups of larvae, the first of which entered the final 
instar before June, and in response to the increasing photo- 
period, did not diapause. 	These formed the second peak of 
the same year. 	Larvae entering the last instar after June 
went into diapause over winter and matured in the spring 
of the following year, when they constituted the first peak. 
An alternative explanation is that of Johnson and Taylor 
(1957) who pointed out the similarity between such seasonal 
distributions and the diurnal activity pattern shown by 
aphids, which is also bimodal. 	They suggested that the 
causes of bimodal seasonal distributions might be similar 
to those responsible for double peaks in diurnal activity, 
which are now fairly well understood. 	This would mean 
that the rate of larval development was variable and depend- 
ent on climatic factors. 	Mature 4th instar larvae would 
accumulate In winter and pupate more or less simultaneously 
as soon as conditions became suitable. 	They would form 
the first wave of emergence. 	This would be followed by 
a decline in numbers pupating, but as summer temperatures 
rose the rate of development would accelerate and a 
second peak be built up. 	This hypothesis would appear to 
fit the present case, especially as the model described is 
highly flexible., the size and time of the two peaks being 
dependent on conditions during the whole of the larval 
period. 
The Effect of Wind on Daily Activity. 
Studies by Pratt and others (1949) on the activity 
of Culicoides tristriatulus showed that greatest numbers 
were taken at wind-speeds of 1.5 to 1.9 miles per hour, 
counts were near or above average at speeds less than 1.9 
and between 2 and 3.4 m.p.h., and there was very little 
activity above 3.5 m.p.h. 	These findings are similar to 
those obtained In laboratory studies on Calliphora erythro-
cephala by Dlgby (1958), where it was found that wind 
speeds up to 0.7 metres per see. had an activating effect, 
while above this flight was inhibited. 	Kettle In 1957 
only took specimens of C. Irapunctatus under calm condi- 
tions. 	Casual observations In the field seemed to show 
that there was a threshold at about 2 in.p.h, above which 
this species ceased to be active. 	It was therefore 
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planned to use a hot-wire anemometer which was capable 
of measuring accurately windspeeds below this, but for 
reasons which are discussed more fully in the section on 
Methods, this was not successful. 	There was a meteoro- 
logical station at Lephinxnore, and readin,s of the daily 
run of wind during the trapping period were availeble. 
These are set out together with the figures representing 
the total catch for the same period in Table 9. 	The 
daily run of wind, in miles of wind for 24 hours, was read 
at 9.00 hours. 	The figures for hourly activity were 
therefore grouped similarly into 24-hourly totals from 
9.00 on one day to 9.00 on the next. 
The attempt to find a correlation between the two 
sets of figures is open to four main sources of error. 
The cup-anemometer used at the meteorological 
station was not sensitive to wind-speeds below about 1 m.p.h. 
The number of miles of wind in 24 hours gives 
no indication of its strength and duration. 
Light, temperature, humidity, and time of day 
are other possible factors affecting activity. 
The seasonal effect. 
Of these, (1) and (2) are inherent in the data. 	The effect 
of the other meteorological factors is discussed separately. 
For the seasonal effect correction is possible. 
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The seasonal picture Is shown In figures 19 and 20 
Daily totals for all three traps were compared with the 
daily run of wind. 	Actual figures could not be used In 
such a comparison. 	For instance on 2nd August there 
was a catch of 88, which represented low midge activity, 
since the population was high, whereas a total of 66 on 
9th September when the population was falling, was above 
the average for that part of the season. 	Following 
Williams (1940) 5—day running means were taken throughout 
the season to obtain seasonal trends, and the difference 
between the actual catch and the mean was expressed as a 
percentage of mean. 	This made It possible to compare 
catches from different parts of the season. 
The use of means poses another problem. 	As Williams 
(1937) has shown, unusually small or unusually large catches 
influence the mean unduly. 	To avoid this, the logarithms 
of actual figures were used, so that geometric means rather 
than arithmetic were being taken. 
When the corrected figures for activity were used, 
a negative correlation coefficient of - 0.384 was obtained. 
This exceeded the 0.01 level of significance for 49 degrees 
of freedom. 
It Is noteworthy that the three sources of error 




















MILES OF WIND IN 24 HOURS 
Figure 22. 	Scatter diagram showing the relation- 
ship of daily catch and daily run of 
wind. 
6]. 
tend to obscure any correlation that might exist between 
wind and midge activity. 	The actual correlation between 
the two can therefore be expected to be in reality a closer 
one than that actually obtained. 
Figure 22 is a scatter diagram showing the dis- 
tribution of the readings. 	The line representing the re- 
gression of activity on wind is shown, the regression co- 
efficient being - 0.13. 	It must however be emphasised 
that this has no biological significance, owing to the 
limitations of the method of taking the wind readings. 
when the daily catches for traps A and B were 
analysed separately regression coefficients of - 0.151 
and - 0.157 respectively were obtained. 	The higher nega- 
tive regressions obtained were due to the fact that when 
analysed separately, the catch was on several occasions all 
in one of the traps, while the other trap showed no catch. 
It was concluded from the very similar regressions obtained 
for the two traps that wind did not have a differential 
effect on activity at two different heights, at least at 
the higher wind-speeds dealt with in this study. 
The Effect of Radiation on Activity. 
Light is known to have an effect on the activity 
cycles of many Insects. 	Mellanby (1940) found that the 
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pattern of activity of the cockroach Blatta orientalis 
was uiodified by changes in illumination. 	Normally 
active by night, the cockroaches did not emerge from their 
daytime resting places when a room was artificially illumi- 
nated at night. 	On the other hand they could not be in- 
duced to emerge simply by darkening the room during the day, 
unless it had been constantly illuminated the night before. 
Kettle (1953) showed that the biting activity of Chrysops 
silacea was related to the intensity of illumination during 
the day. 	Parker (1949) showed that C. impunctatus was 
crepuscular in its activity. 	Kettle's (1957) results 
agreed with this, increased activity being associated 
with low light intensities. 	In the present study, the 
effect of radiation on C. impunctatue activity was inves-
tigated, rather than the effect of light, for reasons 
which have been explained in the section on Materials and 
Methods. 
Figure 14 shows the type of radiation chart obtain- 
ed for a 24-hour period. 	Each hour was analysed separate- 
ly. 	The radiation for an hour was proportional to the 
area of chart between the trace for that hour and the base- 
line. 	The mean height of the trace above the base-line 
for the hour, measured to the nearest millimetre, gave an 
estimate of the radiation for that hour. 	It was found 
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convenient to work in arbitrary units equivalent to the 
mean height for an hour, expressed in mm. 	For the ratia- 
tion-recorder used (calibrated at Eskdalemuir Observatory) 
a 1 ma. deflection of the pen corresponded to 1.46 gramme- 
calories per square centimetre per hour. 	Radiation- 
equivalents in cal./otn.2/hr. for the arbitrary units used 
have been included in Tables 10 a and b. 
The hourly catch for traps A and B was compared with 
radiation for that hour. 	Both the actual number caught, 
and the hourly catch expressed as a percentage of the day's 
catch, were used. 	When percentages were being used only 
days on which the total catch exceeded 100 were taken. 
The hourly radiation readings were grouped arbitrari- 
ly into 13 classes. 	A class interval of 4 arbitrary units 
was selected, but since it was thought that low radiation 
intensities might be of special interest, smaller class 
intervals were used in grouping observations below 5 arbi- 
trary units. 	In this way fluctuations due to small 
changes in radiation would not be masked. 	Accordingly 
Class 1 included only hours for which no radiation was 
recorded, Class 2 hours for which the radiation was between 
0.5 a. u. and 2.0 a. u., and Class 3 between 3 a. u. and 





I 	 13 
RADIATION CLASSES. 
Figure 23 
Distribution of the catch between 
thirteen radiation classes, showing means 
and fiducial limits. 
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classes, using actual figures Is shown In Table 10 a, 
while In Table 10 b percentages have been used. 	Figure 
23 shows the distribution of mean pe.rcenta:es with 
fiducial limits. 	There Is a decrease in activity with 
increasing radiation, but the nature of the relationship 
between them is not immediately obvious. 	In the work 
described in the rest of this section, only percentages 
have been used, thus eliminating seasonal effect. 
An analysis of variance between all the classes 
gave a Variance Ratio (F) of 2.79, which for Degrees of 
Freedom (n1) of 12 and (n2) of 679 corresponds to a prob- 
ability (P) of 0.001. Thus they cannot all be regarded 
as belonging to the same population. 	Analysis of variance 
between classes 1 and 2 gives a value of F which is not 
significant. 	Similarly classes 1 to 3 may be regarded as 
belonging to the same population. 	Successive analyses, 
each including one class more than the last, show that 
there Is no significant difference between classes until 
class 7 is included, when F = 2.155. 	For n1 = 6 and 
n2 = 594 this exceeds the 5 % point. 	Class 7 therefore 
differs significantly from classes 1 to 6. 
A similar series of analyses of classes 12 and 13, 
12 to 14, etc. shows values of F which are not significant 
till class 5 is Included, when F = 2.5. 	For n1  = 8 and 
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218 this corresponds to the 1 	level of probabil- 
ity. 
	
	For individual analyses of variance see Table 10 c. 
The radiation values observed therefore may be re-
garded as falling into two groups, one which includes 
classes 1 to 6, and the other classes 3 to 13. 	The level 
of activity is higher in the first group than in the 
second. 	Within each group however there are no signifi- 
cant differences. 	Thus there are two levels of activi- 
ty with an intensity threshold separating them. 	Class 6 
could be included In either group, so one would expect the 
threshold value to fall somewhere within this class. 	The 
threshold value therefore lies between 23.4 and 29.2 
cal./cni.2/hr. 	Radiation Intensities above this value in- 
hibit the activity of C. inipunctatus, but below the thresh-
old radiation does not appear to have much effect on acti-
vity. 
If class 6 Is included in the first group we have 
Group I 	(Classes 1 to 6) 	Mean % = 4.53 0.44 
Group II (Classes 7 to 13) 'ean ! = 2.21 ± 0.43 
The effect of radiation on Culicoides tristriatulus 
has been discussed by Pratt et al. (1949). 	They describe 
crepuscular activity for this species but attribute the 
Call off in numbers during the day to high winds accompanying 
M. 
sunshine rather than to high radiation. 	With winds less 
than 3 m.p.h. there appeared to he a positive correlation 
between radiation and activity, and activity was law in 
total darkness. 	This species therefore, differs from 
C. impunctatus in its responses to radiation. 
The light component of the total radiation varies 
with the angle of the sun, and with the atmospheric con- 
ditions (Blackwell, 1954). 	It is not possible therefore 
to draw any direct conclusions as to whether light inten-
sity or total radiation is effecting midge activity. 
Certain inferences may, however, be drawn about the in- 
fluence of light on activity. 	Parker (1949) found a re- 
lationship between the time of sunset and sunrise and 
maximum activity. 	He interpreted this in terms of the 
stimulatory effect of low light intensities. 	If this 
interpretation were correct, one would expect a signifi-
cant falling off of activity during hours of total dark- 
ness. 	These are all included in class 1 in the present 
work, and as the analysis of variance has shown, this does 
not differ significantly from the rest of Group 1, which 
includes several low light intensities. 	Any relationship 
with light which exists must, like that demonstrated for 
total radiation, be a threshold one, below which activity 
can take place subject to the influence of other factors. 
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The Effect of Temperature and Humidity on Activity. 
Kettle's preliminary study on midge activity, pub-
lished in 1957, did not show any definite relationship be-
tween temperature and humidity and the numbers of Q. ira- 
pctatus caught. 	Over 200 specimens were taken in a 
single observation period on two occasions, when the 
readings for these two climatic factors were 700  F. and 
69 % R.H. and 64.50  F. and 71 % R.H. respectively, 	Pratt 
et al. (1949), working with C. tristriatulus, found that 
maximum activity occurred between 500  and 590  p•, but at-
tributed the fall off in the numbers caught at tempera-
tures above this to the consistently high winds in the 
middle of the day rather than to high temperatures, thus 
suggesting that a positive correlation existed between 
the activity of this species and temperature. 	Similarly, 
high catches were associated with relative humidities 
ranging from 90 to 94 %, but high winds could again have 
been responsible for the fall off in numbers caught during 
the day. 
Hourly records of midge activity were available for 
the 6 ft. and 3 ft. levels all through the season in 1957. 
For part of the time temperature and humidity were recorded 
at these levels. 	Readings were taken at 15 minute intervals, 
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Figure 25 
Figures 24 -29 
Continuous line: 	Activity expressed as number caught 
in an hour. 
Broken line: 	Relative humidity. 
Dotted liner 	Temperature, 00. 
Hours when radiation was above threshold are indicated 
by continuous line and arrows. 
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and the hourly means were compared with activity. 	Six ex- 
perimental periods, each extending over a few days, were 
selected. 	ind has been shown to have an effect on the ac- 
tivit:j of C. impunctat. 	Since it did not prove possible 
to measure wind-speed accurately at different levels, wind-
less periods as far as possible were selected for the pres- 
ent studies. 	Radiation is also known to affect activity. 
In the previous section it was shown that there is a radia-
tion threshold above which activity is inhibited, but below 
which radiation does not appear to be affecting the catch. 
Accordingly, all hours for which the radiation was above 
threshold (23.4 cal./czm. 2/hr., see previous section) were 
omitted from consideration. 	Figures 24 to 29 	show the 
data on which computations for the regressions with tempera-
ture and humidity were based. 
Teiperature and humidity are themselves negatively 
correlated. 	The method of multiple regression was therefore 
applied to the data. 	Each hour, with its readings for tem- 
perature in degrees Centigrade, relative humidity, and acti- 
vity, was taken as a unit for purposes of correlatio.. 	Some 
hours had to be omitted because one or more channels on the 
recorder used were not functioning. 	Levels A and B were 
treated separately since it was not known what climatic fac-
tors affect the height at which midges fly, or whether there 
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was likely to be any interaction between levels. 
The six experimental periods were taken at different 
times during the season. 	In order to eliminate seasonal 
effect multiple regressions were applied to the data for each 
experiment separately. 	Since each period extended over a 
few days only, it seems unlikely that the population level 
would change appreciably within an experiment. 	The differ- 
ent catches for different hours, therefore, were an expres- 
sion of activity change. 	Logarithms of actual numbers were 
used, to avoid difficulties due to asymmetry. 	The results 
obtained were as follows: 
Level A. 	Temperature 
Experi- Number of Partial 
raent 	observat- regression 	 Sampling eihted 
number ions (n). coefficient (t) 	variance 	b 
(b) 	 (v) (w) 
1 	27 0.817 7•733* 0.862 11.300 
2 33 - 0.102 0.447 0.023 46.863 
3 	 54 0.058 0.060 0.054 18.376 
4 40 - 0.634 7,560 0.532 18.808 
5 	14 - 0.394 0.904 0.172 5.819 
6 58 - 0.300 0.748 0.120 8.334 
* denotes a probability of 5 % 
** It q 	1% 
0. 1 ? 
It is evident that the individual regressions for expeirnents are 
very variable. 	The weighted individual regressions were there- 
fore used in a combined test of variance which tested simul- 
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taneously whether regreeione were consistent and whether 
the correlation between activity and temperature differed 
significantly from zero. 	The weight of an individual 
regression was taken to be the reciprocal of the Sampling 
Variance (V). 	The weighted mean was B = LWb/W. 
The significance of B was tested by X = BWb With one 
degree of freedoms 	The heterogenlcity 	was _Wb2 - BLVTh 
with (n - 1) degrees of freedom. 
The X2 analysis for regression of activity on tem-
perature at level A was as follows: 
B= -0.1198 
D. f. 	 ean square 
B 	1 	1.5195 	1.5195 
Leterogenicity 	5 	15.9349 	3.1870 
Variance Ratio (F) = 0.476 
Insignificant. 
The null hypothesis is therefore not to be rejected and tem-
perature and activity are therefore not significantly related 
at level A. 
Level A. 	liuraidiy 
Experiment 2 (w) number. (n) (b) (t 	) (;T) 
1 27 0.156 2.228 0.011 91.827 
2 33 - 0.027 0.107 0.007 142.146 
3 54 0,041 0.52 0.003 304.878 
4 40 - 0,021 0.04 0.011 88.496 
5 14 0.232 1.329 0.040 24.722 
6 58 0.197 6.083* 0.006 157.480 
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B = 0. 07145 
X2 analysis 
D. 	f. Mean square 
1 4.1330 4.1330 
iIeterogenicity 5 6.1748 1.2350 
= 3,347* 
On verge of significance. 
Level 
Expriuient 
number 	(ii) (b) (t2) (v) (W) 
1 	20 0.296 1. 0.071 14.075 
2 34 - 0.254 5.669* 0.011 88.137 
3 	55 3.130 0.288 0.059 16.972 
4 40 - 3.572 4.337 0.076 13.238 
5 	21 0.863 3,108 0.240 4.171 
6 58 - 0.980 10.714*4  0.090 11.161 
B = - 0.2090 
analysis 
;). 	f X2 Mean square 
1 6.4546 6.4546 
Heterogenicity 5 18.8972 3.7790 
F = 1,708 
Insignificant. 
Experiment 
nuuber (n) (b) (t (V) (v) (w) 
1 20 0.131 5.142* 0.003 300.30C 
2 34 - 0.025 3.143 0.004 230.415 
3 55 - 0.049 0,306 0.008 128.041 
4 40 - 01 215 3.193 0.014 69.013 
5 21 0.177 1.046 0.030 33.434 
6 58 - 0.191 4.593 3.008 129.032 
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B 	- 0. 0953 
X' analysis 	
D. f. 	X2 	Mean square 
B 	1 	8.0857 	8.0857 
Heterogenicity 	5 5.4O7 1.2881 
F = 6.2?6 
Sign.i f  cant. 
There is seen to be therefore, no significant rogrion of 
activity on temperature either at 6 ft. or at 3 ft. 
Humidity on the other hand seems to have an effect on acti- 
vity. 	A positive correlation which is on the verge of 
significance was obtained at the 6 ft. level while at the 
3 ft. level there is a significant negatIve correlation. 
If a single year's data is to be regar 	on tyrtcal, 
there would therefore seem to be grounds for believing 
that midges fly higher above the ground when the humidity 
is high, and descend nearer the ground when conditions are 
drier. 	This might explain why In some hours when there 
are fairly high catches In one trap, the other trap has 
a low catch. 	This occurred quite commonly, and can for 
example be seen In figure 29 where from 16.00 on the 
16th August to midnight the catch was predominantly In 
trap A, while between 4.00 and 7.00 on the 17th, catches 
were very high in trap B and relatively low In A. 
73 
For both levels, catches of more than 10 midges 
in an hour were only obtained when the relative humidity 
was above 60 %, and catches of over 100 per hour between 
75 % and 97 . 	There was one period of rain, on June 
27th, when between 9,00 and 18.00 there was a series of 
heavy showers. 	Over this period very few midges were 
captured, as can be seen from figure 25.. 	The explana- 
tion of why no catches of over 100 were obtained at 100 % 
..H. may be that midges avoid actual precipitation. 
S jimar 
Trapping was performed at three levels, 6 ft., 3 ft., 
and 6 in. above the ground. 	There was no significant 
difference over the season between numbers of C. 	netatus  
caught at 6 ft. and 3 ft. but significantly a smaller 
catch was obtained at the 6 ifl. level. 
Although the hours of the day differed significantly 
as regards midge activity, no w11 defined daily cycle of 
activity emerged from the analysis. 
A bimodal seasonal distribution was obtained for 
the year 1957. 	A smooth curve was fitted to the data, 
and five-day running means were also taken, as alternative 
methods of obtaining seasonal trends by eliminating the 
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effects of weather conditions, 
Wind was found to affect the numbers of midges 
taken in a day. 	A negative correlation coefficient was 
obtained between run of wind in 24 hours and daily 
activity. 
A radiation threshold was found to exist, above 
which there was little activity, but below which radiation 
did not appear to be affecting activity. 
Temperature did not affect activity. 	A signifi- 
cant positive regression of activity on humidity was de-
monstrated for the 6 ft. level, and a significant nega- 
tive regression for the 3 ft. level. 	It seemed likely 





The problem of obtaining an unbiassed estimate of 
insect activity in the field has been approached by various 
methods by various workers. 	Several methods of trapping 
have been used, some of the main ones being: 	traps 
using a food bait (e.g. Dyson-Hudson, 1956, working on 
Dro 
	i1a subobscura and D. obecur); sweep-netting 
(e.g. Hughes, 1955, working with Meromyza  
sticky traps (Broadbent et al., 1948, for work on species 
of aphids); light traps (e.g. i1lias, 1937, 1939 and 
1940). 	ith blood-sucking insects, whore the presence of 
the experimenter is equivalent to providing bait, the choice 
of trapping method is especially important. 	Davies (1952) 
in his study of the activity of SiMulium spp. subdivided 
activity" into flying, attraction, landing and biting. 
He found that different aspects of behaviour were affected 
differently by meteorological conditions. 	Biting and 
flying increased and landing decreased with rapidly changing 
Pressures, 	Flight was optimum from 600  to 800  P. at low 
but not zero saturation deficiencies. 	Landing was optimum 
from 65° to 700 F. at zero to Intermediate saturation de- 
ficiencies. 	Halorow (195c) found that the biting cycle of 
Anopheles gambiae was 1 to 2 hours later in its peak than 
W. 
the general activity cycle. 	These findings suggest that a 
confused picture is likely to emerge when results obtained 
by different sampling aethods are compared, unless the 
different behavioural responses being sampled are clearly 
kept in mind. 
Most of the main trapping methods have been applied 
to the study of the seasonal and daily cycle of Cuiicoide 
irnpunctatus. 	Hill (1947) used attraction to a coloured 
cloth, thus utilising an optical response. 	Kettle also 
relied on this principle by using a black background to his 
sticky traps, the attractiveness of black to Qico1des 
having been demonstrated by Hill (Kettle, 1951 a). 	Par- 
ker's (1949) studies were made on the basis of sweepnet 
data. 	1th a eweepnet he was estimating numbers flying, 
and the factor of attraction to a host was introduced by 
his O2 presence. 	Kettle (1957) trapped on human bait. 
Nicholas (1953) aid the same in his studies on C. austj 
and C. grahami. 	In the present studies the suction-trap 
devised by Johnson (1950) and used by him in estimating the 
serial population 01' Aphis fabas was used throughout. 	The 
use of this trap eliminated the human factor, both as bait 
and 88 part of the trapping, thus reducing experimental 
error. 	Insects were sucked in passively so that numbers 
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caught represented nuaibers flying in a constant volume of 
air over a standard period of time. F1yng behaviour was 
therefore being sampled. 
Dissections showed that the catch was composed al-
most entirely of females with ovaries at stages 1 and 2 
and without blood in the gut. 	Stages 3 to 5, which were 
found to occur only after a blood meal had been taken, 
were caught very rarely. 	It was inferred that after a meal 
had been taken females found resting places and did not 
fly actively again until they had matured their eggs, cvi- 
posited, and were again ready to take a blood meal. 	It 
was also shown that C. ipunctatus must mate at an early 
stage, before flying. 	In investigating flight behaviour 
then, we are dealing with the behaviour of females which 
have alredy mated, have ovaries at stages 1 and 2, and 
are in search of a blood meal. 	That mating behaviour was 
not Involved was shown both by the fact that hardly any 
males were taken in the traps and that almost all females 
caught flying, and dissected, had already been fertilised. 
The population sampled was made up of newly emerged 
females flying for the first time, females which had ovi-
posited and had newly returned for another blood meal, and 
females which had failed to obtain a blood meal on their 
first flight and had returned to fly again. 
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The actual catch of ins-eta ha3 been re1tcd to 
population by .i1iiani (1940), Catch •-- (activity due to 
teerature x activity due to humidity x activity due to 
wind etc..) x population. 	The size of the catch is 
therefore pa.t1y dependent on population level. 	The 
population was found to fluctuate in a bimodal manner over 
the season in the year studied, and a cori'eetion for season—
al trends had therefore to be made in all studies on activit 
The importance of continuous recording of nicro—
climatic conditions when comparisons with activity are to 
be ivade has long been recognised. 	In the space of an 
hour meteorological conditions can fluctuate considerably 
au.. Jaiga taken once during an hour may bear no relation 
to the rest of the hour and consequently to the activity 
over that hour. Radiation and wind recordings were con—
tinuous but with temperature and humidity the hourly means 
of readings taken at fifteen minute intervale were used. 
Trapping was carried out over open grassland and the ver—
tical profiles of temperature and humidity obtained were 
very similar to those described by Geiger (1950) at dif—
ferent times of day, 
Iind has the most obvious effect on the activity 
of the midge, there being a negative correlation between 
the size of the daily catch and the run of wind. 	This 
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agrees with the findins of i11ia 	(iOto), who analysed 
the numbers of all insect zpecies caught at a light trap 
over four years and found a significant negative correla- 
tion between numbers taken in a night and wind. 	Pratt 
et al. (1949) found that the activity of Cu1ico4es tristria-
tulus was Inhibited by wind-speeds above 3.5 miles per hour s 
but that counts were higher at wind-speeds between 1.5 and 
1.9 m.p.h. thai at vind-speeds lower than this. 	Labora- 
tory studies by Digby (1958) on Calliphoraerythrocephala 
showed that winds up to 0.7 metres per .econd ha1 an 
activating effect but above this value it inhibited flight. 
The effect of very low wind-speeds on Culicoides imponc- 
would not be detected by the metho. used in the 
present study since the run of wind was being taken in-
stead of the wind velocity, so that though the overall 
inhibitory effect of wind has been demonstrated, the 
possibility that low winds ay stimulate activity has 
not been investigated. 
The fact that . 	was crepuscular in its 
activity (Parker, 1949) led, to the 4.dea that activity 
might be ootium at low light intensities. 	Kettle in 
1957 only took this species when lIght intensity was low. 
In the present work it has however been shown that acti-
vit y  during hours of total darkness is not significantly 
lower than activity during hours of low light intensity. 
It seems more reasonable to believe that a light thresh-
old exists above which activity is lowered, but below 
which other climatic factors become more important. 
A relationship of this type was found by Platt et al. 
(1957) in laboratory studies on Anopheles qugdricnaculatus. 
There was a light threshold at 500 foot candles with no 
consistent population response to intensity charges above 
or below. 	On the other hand Digby (1958) stated that 
flight activity in Qalra eryt~irocephqla was low in 
the dark, but was independent of light up to 10 lux, 
after which there was an increase with light until the 
heating effects of radiation became limiting. 	Similar- 
ly Kettle If 	that the activity 	 silacea  
increased with increasing light intensities. 	In some 
phot000sitive insects at least, therefore, there is a 
regression of activity on light. 
The effect of temperature on insect activity has 
been extensively studied. 	Laboratory studies have been 
made on a nunber of nocturnal species. 	Thomson showed 
In 198 that the behaviour of females of Cu1ex21piefls 
faLLEans, differed at diffe-rent stages of the gonotrophic 
cycle. 	Newly emerged females showed avoidance of high 
temperatures above 250  C. and a weak avoidance of low 
temperatures, while hungry females avoided high tempera- 
tures but not low. 	Plattetal. (1957) found that 
females of An92helesapadrimacu1atus showed maximum acti- 
vity between 370  C. and 400  C. 	It is more difficult 
to determine the effect of temperature in the field, since 
the cycle of humidity changes Is closely related to the 
temperature cycle. 	Wor all species of insect caught 
at a light trap Williams (194) sho'ocd tdat the efiect 
of a rise of 50  F. in minimum temperature was to double 
the night's catch, while a rise of 70 F.  in maximum 
temperature was required to double the catch, 	in the 
present study a significant regression of activity on 
temperature could not be demonstrated. 	This could mean 
that temperature was not affecting the activity of 0. Im-
punctatu$ to any significant extent, or that temperature 
had a different effect on activity at different times 
during the season. 	A relationship of thl hind 
described by Dyson-Hudson (1956) for 
whose behaviour in uininer is clocely correlated with 
light intensity while temperature has only a ubs1diary 
effect, but in early spring and late autumn the position 
is reversed. 	Another possibility, which was not tested. 
RN 
for, was that change of temperature affected activity 
rather than absolute temperature. 
Vilth humidity, different species of insects dif- 
fer widely in their tolerance. 	Thomson (1938) found 
that Culex pipiens fatigans at all stages showed a 
strong avoidance of humidities above 95 . 	There was 
a slight but regular avoidance of low humidities, pro-
vided the mosquitoes were offered a humidity range of 
at least 40 	R.H. 	Working with Anopheles guadri- 
rnaculatus Platt (1957) found the optimum range for acti-
vity lay between 70 and 80 % R.H. with a fall off above 
and below. 	Humidity was shown to affect the activity 
of .g..im2unctatus, there being a tendency for this 
species to fly higher under damper conditions. 	it is 
Interesting in view of the avoidance of high and of low 
humidities demonstrated for mosquito species to find that 
catches of above 10 midges per hour were not obtained 
below 60 % R.H. and catches above 100 per hour only 
between 75 and 97 	R.H. 
As it has been shown that various physical factors 
affect midge activity, the question arises to what extent 
they explain the diurnal activity cycle. 	Parker (1949) 
described a well defined rhythm of activity, with peak 
Ltm 
activity twice a day at times related to the times of 
sunset and sunrise. 	This was not entirely borne out by 
the present work. 	Though there was a tendency for 
midges to be most active at times related to sunset and 
sunrise, they could, under suitable conditions be active 
during the day or during the night. 	Harker (1958) re- 
viewed the activity cycles that are known for insects, 
and concluded that in most cases the endogenous rhythm 
was modified by climatic factors. 	She states: 
Although light intensity appears to have 
such a noticeable effect on rhythms, it 
seems to be the alternation of light and 
darkness which is the major factor deter-
mining the form of the rhythmicity in all 
the ..... animals (described) above. 
Lumaden (1952) explained the bimodal rhythmicity of 
some West African species of mosquitoes in terms of the 
differential activity of different age-groups of mos- 
quitoes. 	Haddow (1956) however took the view that 
Mosquitoes should be considered as 
being inhibited from biting by unfavourable 
microclimate and that with the return of 
favourable conditions they were merely, as 
it were, released. 	Whether or not they then 
began to bite must depend, it was suggested, 
on some factor connected, perhaps, with age 
or physiological state. 
IM 
Cuilcold.es impunctatus would seem to fit the explanation 
outlined. above. 	Normally radiation would be limiting 
during thn day and when the threshold was passed at a 
time related to the time of sunset the midges would be 
released to fly. 	Humidity has been shown to affect 
activity, and activity after sunset may be expected to 
inorease with humidity to a maximum. 	Humidity may be 
the factor which determines the timing of the peak, 
since it is not always t the same time with regard to 
sunset. (Parker., 1949). 	Temperature does not seem to 
affect activity, so some other factor must be sought to 
explain why activity declines as a rule, but increases 
again at sunrise. 	This may be due to the fact that 
there are two groups in the population, one of which is 
ready to fly at sunset, while the other only becomes 
ready by sunrise. 	Nothing is known about the proportions 
of different age-groups flying at different times, so it 
is not possible to speculate further on this possibility. 
Alternatively, midges may respond to the rate of change 
of a physical factor as well as to its absolute value. 
Such a situation is described by Digby (1957) for Calli- 
hora_grythroceohala with regard to light. 	He ehowed 
that when kept at a high light intensity and then sub-
jected to a low one, there was a sharp drop in activity 
[;I 
followed by recovery due to adataion. 	The state of 
low activity induced by low light intensity persisted 
when there was a change to a high light intensity and 
adaptation was gradual. 	Sharp changes in activity 
following changes in conditions follod by adaptation 
would not only account for the increased activity at 
dawn and dusk, but for the drop off of activity during 
the night. although conditions remain favourable and for 
activity during the ni,ht and during the day when con-
ditions change in a favourable direction. Wind would 
have an overall inhibitory effect on activity at any 
part of the cycle. 
The patterns of activity obtained at different 
levels above the ground were not identical, nor were 
they consistent. 	Haddow (1956) described differen- 
tial activity cycles at different heights for Taenio- 
rhohusftsoopnnatus. 	ThcSS were however consistent, 
cycles being shorter but more intense in the canopy 
than in the under-storey, and in the under-storey than 
at ground level. 	In C.impunctatus the vertical move- 
ment has been shown to be related at least partly to 
humidity, activity being at the higher level when 
humidity was higher. 	The possibility that air 
currents and wind were playing a part in determining 
the height at which midges flew must also be kept in 
mind. 	Berzina (1953) found that wind affected the 
height at which species of Simulium were active, de-
pressing activity at unfavourable temperatures and 
stimulating it at favourable ones. 	Thus an inter- 
action of climatic factors is likely to be affccting 
the vertical distribution. 
The work on the effect of climatic factors on 
Cuilcoides irnpnctatua has been based on the data ob- 
tained in the year 1957. 	A single year's data is not 
sufficient to make genera1isatios, and much further 
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APPENDIX: 
TABLES 1 TO 10. 
.r,A .>-. 
C.impunctatus, lengths of ova in ovaries of individual specimens. 	Smallest and largest of 
5 measurements recorded. 	A.u. = Arbitrary units. 	I n.u. = 2.4 P- 
S tage: 	1 	- 2 	3b - 	4 	 5 
i)at' 
1956 	:\..U. 	U. 	A. u. - ,1._ A. U. 	p. 	Au. 	u. \.u. -_p.  
22/6 
27/6 25 60.3 
18-20 43.2-48.0 
26-27 62.4_64. 8  
24 56.7 





3/7 24-26 57.6-62.4 21-22 50.4-52.8 
	




7/7 	 58-62 139.2- 
148.8 
13/7 	-8 64.8-67.2 	 32-34 76.8-61.6 
25-28 60.0-67.2 
17/7 ...continued on next page. 
	 t.o 
TABLE 1, continued. 
stage: 1 	 2_ 	 3a 	 3b 	 4 	 5 
Date 
A. u. - 	p. 	A. u. 	p. 	A. u. 	 A. - 	A. U. - 	 - U. 	7R- 
17/7 15-17 36.0-40.8 19-23 45.6-55.2 	 70 	168.0 	172- 412.8- 
	
192 	463.8 
20-24 48.0-57.6 22-25 52.8-60.0 	 50 120.0 










18/7 25 	60.0 	24-30 57.6-72.0 
27-29 64.8-69.6 
21-25 50.4-60.0 
24/7 18-20 43.2-48.0 22-25 52.8-60.0 
20-21 48.0-50.4 
18-20 43.2-48.0 







6/8 	11-12 26.4-28.8 	 co 
7/8 	 55 	132.0 
TABLE 2 
C. heliophilus, lengths of ova in ovaries of individual specimens. 	Smallest and largest of 
5 uieasuremiients recorded. 	A.u. = Arbitrary units. 	1 a.u. = 2.4 p. 
Stage 1 	 2 	 3a 	 3b 	 4 	- 5 
Date 
1956 A.u. 	_A.u. p. A.u. A.0 	p. A.u. p. 	A.u. - p. 
22/6 	 20-22 48.0-52.8 20-22 48.0-52.8 
20-22 48.0-52.8 
23/6 16-18 38.4-43.2 
25/6 26-30 62.4-72.0 32-34 76.8-81.6 
22-27 52.8-64.8 30-32 72.0-75.8 
25-28 60.0-67.2 26-29 62.4-69.7 
24-26 57.6-62.4 
23-27 55.2-64.8 
27/6 30-31 72.0-74.4 
26-30 62.4 72.0 
16-22 38.4-52.8 
16-19 38.4-45.6 
29/6 24 57.6 
14-17 33.6-40.8 
3/7 
4/7 23-24 55.2-57.6 




35-43 84.0- 	48-50 115.2- 
103.2 	 120.0 
36-37 86.4-88.8 45-47 108.0- 
112.8 













Anipulla measurements on C. 	irnpunetats. Diameters of both 
ampullae in arbitrary units. 1 unit = 2.4 	i. 
Date of 	Ovary Presence of 
Numb.q gtu age blood in gut. Arnpu11 	diaaieters. 
1 20856 	1 - 30 26 
2 1 - 35 45 
3 2 - 31 - 
4 1 - 30 30 
5 1 - 30 30 
6 1 - 30 30 
7 2 - 30 38 
8 2 - 35 40 
9 1 - 30 30 
10 2 - 42 42 
11 1 - 35 - 
12 21356 	1 - 45 - 
13 1 - 38 - 
14 1 - 45 45 
15 2 - 30 35 
16 1 - 40 - 
17 2 - 38 - 
18 2 + 28 - 
19 1 - 41 
20 4. 1 - 0 
21 2 - 30 - 
22 1 - 40 - 
23 /... 	continued 
on next page. 
* 	This specimen had two eggs from a previous egg—laying retained in the oviduct of one 
side. 
TABLE 3, continue. 
Date of Ovary Presence of 
Number capture Stage blood In gut. 	An2u11a diameters.  
23 22856 2 - 	40 40 
24 1 - 40 35 
25 1 - 30 35 
28 2 - 30 30 
27 2 - 	38 38 
28 2 - 33 34 
29 1 - 25 27 
30 2 - 40 - 
31 1 - 	30 30 
32 23856 2 - 30 - 
33 1 - 35 36 
34 1 - 45 45 
35 2 - 	43 - 
36 1 - 30 30 
37 27856 1 - 27 27 
38 1 - 30 - 
39 1 - 	40 - 
40 2 - 35 - 
41 2 - 25 25 
42 28856 1 - 30 - 
43 2 - 	32 30 
44 1 - 45 - 
45 1 - 30 - 
46 1 - 35 35 
47 2 - 	45 - 
48 1 - 40 38 
49 1 - 42 - 
50 1 - 35 - 
51 2 - 	45 47 
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j4; TO TAiJ 
Ampulla i)ianietrs Grouped into Classes. 
Class  
Number 	:i. t.A.U. 	Items. 
p 26.,5 	28.5 	 5 
3 	 2.b - 30.5 14 
4 30,15 	32.5 	 2 
5 	 32.5-34.6 1 
6 34.5-36.5 	 7 
7 	 36.5 - 38.5 4 
8 3t.5 - 40.5 	 8 
9 	 40.5-42.5 3 
10 42.5 - 44.5 	 1 
11 	 44.5 - 46.5 6 
12 4t3.5 - 42.5 	 1 
Mean = 35.8 A. U. 
Standard deviation = 5.997 A.u. 
Assuming that these ineasuremente, were noxn11y distributed, 
probits were used in calco1 4:n,'; te 	ettd nwibor  of 
items to eioh olase. 
x pee ted 
Class Number Nu!:ber Deviation 
Number 00Obtained (d) '/m d 
it 2 & 3 8.08 18 + 9.92 12.18 
4 5.23 2 - 	.23 1.99 
5 6.28 1 - 6.28 4.44 
6 6,74 7 + 0.26 
7 6.49 4 - 2.49 0.96 
8 5.44 8 + 2.53 1.20 
9 4.31. 3 - 1431 0.40 
10, 11 & 12 	5.80 8 + 2.20 0.83 
chi-qure (x2) = 22.01 
For 7 D.f., P 	0.01 
The distribution of meacurernents differs significantly 
from the normal. 
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Note to Table 3, continued. 
Assuming that the measurements in Classes 1 to 5 were normally 
distributed, probits were used in calculating the expected 
number of items in each class. 
Mean = 29.7 A.u. Standard deviation = 3.81 A.u. 
Expected 
Class Number Number Deviation 
a 2 /m Number (in) Obtained (d) 
l&2 5.3 4 -1.3 0.32 
3 8.7 14 + 5.3 3.22 
45 6.8 3 -3.8 2.12 
X2 = 5.66 
For 2 D.f., p 	0.10 
The distribution of measurements does not differ significantly 
from a normal distribution. 
Assuming that the measurements in Classes 5 to 12 were normal-
ly distributed, the expected number in each class was again 
calculated using probits. 
Mean = 39.9 A.u. 	Standard deviation = 3.81 A.u. 
Expected 
Class Number Number Deviation 2 
Number (in) Observed (d) d /rn 
5 & 6 4.96 8 + 3.04 1.86 
7 5.29 4 - 1.29 0.31 
8 6.38 8 + 1.62 0.41 
9 5.89 3 - 2.89 1.42 
10, 11 & 12 	7.30 8 + 0.70 0.07 
C) 
4.07 
For 4 Df., p 0.30 
The population therefore does not differ si;nificant1y from 
a normally distributed one. 
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TABLE 4 
Specimens of C. impunct tus examined in saline for the pres-
ence or absence of spermatozoa in the epermatheca. 
C a p t u r e 	 Presence 
Date 	 of blood Ovary Presence 
No. 	1956 Time 	Place 	in gut. 	tage of Spe. 
1 26/6 21.15 Henhouse — 	 1 	+ 
2 — 	 1 + 
3 U — 	 2 	+ 
4 6/7 21.00 — 	 1 + 
5 U U — 	 2 	— 
6 it U — 	 1 ~ 
7 it it — 	 I 	+ 
8 10/7 21.00 U — 	 2 + 
9 U — 	 2 	+ 
10 18/7 10.30 U + 1 + 
11 U it + 	1 	+ 
12 It of + 1 — 
13 to t r + 	2 	+ 
14 24/7 10.30 of — 	 2 + 
15 to to — 	 1 	+ 
16 It to — 2 + 
17 it to — 	 1 	+ 
18 It to + 1 + 
19 26/7 20.30— Wood, 
21.00 flying — 	 1 	+ 
20 — 	 2 + 
21 i t — 	 2 	+ 
22 to — 2 + 
23 to to  — 	 I 	+ 
24 " to 2 + 
25 it It — 1 	+ 
26 27/7 16.00 It — 1 + 
27 to 9 — 	 2 	+ 
28 — 	 1 + 
29 to — 1 	+ 
30 of — 2 + 
TA 1E 5 
Specimens of C. helio.2flhlus examined in saline for pres-
ence or absence of spermatozoa in the sperrnatheca. 
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C a p t u -r _e  
Date 
1956 	Time 	Place 
Presence 
of blood Ovary Presence 
in gut. Stage of pern. 
1 22/6 20,00 Henhouse - 	2 	- 
2 11 9 - 1 - 
3 21.30 + 3a -  
4 11 - 2 
5 It it - 	1 	- 
6 it 11 - 1 - 
7 23/6 14.30 Wood, 
flying - 1 	- 
8 It 11 - 	2 - 
9 28/6 16.15 11 - 1 	- 
10 it it - 2 - 
11 6/7 20.00 Roadside 
swarm - 	2 	- 
12  
13  
14 II - 2 	- 
15 18/7 10.30 Henhouse + 	I - 
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TAI3JT 6 
Distribution or the catch of C. irnrunctatus between the three 
traps, A. B and C. over the season in 1957. 
Percentage 
A B C Total A B C 
20 6 	21 6 155 87 27 269 58 32 10 
21 22 163 37 1 214 76 17 7 
22 23 21 52 5 78 27 67 6 
25 - 25 45 44 4 93 48 47 4 
26 27 50 10 0 60 83 17 0 
27 23 6. 60 S 0 66 91 9 0 
1 7 	2 7 54 58 14 126 43 46 11 
2 3 29 25 10 54 45 39 16 
3 4 117 125 27 970 43 47 10 
4 5 113 4.G 23 392 30 63 7 
5 5 242 319 77 638 38 50 12 
6 7 56 23 2 31 69 29 2 
7 8 57 78 8 143 40 35 6 
8 9 9' 235 35 366 26 64 10 
9 10 151 15 56 372 41 44 15 
11 - 12 9 36 27 72 12 50 38 
12 13 22 U. 3 41 54 27 19 
13 14 1 21 7 29 3 72 24 
18 - 19 16 62 15 93 17 67 16 
19 20 11 13 6 30 37 43 20 
20 21 37 25 4 66 56 38 6 
21 22 10 4 0 14 71 29 0 
22 23 24 12 0 35 67 33 0 
23 24 33 4 C) 37 89 11 0 
24 25 ilt 8 0 22 64 36 0 
25 26 0 3 0 0 
26 27 8 5 C) 13 62 38 0 
27 28 48 24 0 72 67 33 0 
28 19 32 o 0 37 86 14 0 
29 30 33 10 - 43 
30 51 50 9 - 59 
31 7. 	1 8 30 23 2 55 64 42 4 
1 8— 2 8 44 6 0 50 88 12 0 
2 3 53 16 4 75 71 24 5 
3 4 494 154 41 689 72 22 6 





iate IunbeS of total 
A 13 0 Tothi B C 
5 8 — 	6 	8 1018 1321 502 2840 36 46 18 
6 7 1300 695 36 2031 64 34 2 
7 6 833 334 40 1207G-) 28 3 
8 9 4 21 5 30 13 70 17 
9 10 3267 3184 122 6573 50 46 2 
10 11 3 376 56 1426 49 47 4 
11 12 384 266 9 659 59 40 1 
12 13 32 134 22 482 68 28 4 
13 14 25 29 0 54 46 54 0 
14 15 82 259 - 341 
15 16 129 66 - 195 
16 17 1137 656 58 1881 62 35 3 
17 16 280 267 16 563 50 47 3 
18 19 21 17 - 38 
19 20 32 29 - 61 
20 21 	8. 2 10 - 12 
2 9 — 3 9 37 16 0 53 70 30 0 
3 4 15 9 2 26 58 35 8 
4 5 564 450 122 1136 49 40 11 
5 6 15 20 1 36 42 56 3 
5 7 3 2 0 5 
7 8 14 1 0 15 93 7 0 
8 9 0 10 0 10 0 100 0 
9 10 25 41 0 66 38 62 0 
10 11 206 4-94 0 700 29 71 0 
11 12 36 82 0 118 31 
69 0 
12 13 2 10 0 12 17 83 
0 
13 14 1 0 0 1 
14 15 0 0 0 0 
15 16 153 408 0 561 27 73 
0 
16 17 131 119 250 
17 18 72 52 - 124 
18 19 27 24 — 51 
19 20 0 0 — 0 
20 21 29 80 - 109 
01 .1 O) 	( JcJ C) - 
Means: 195.2 172.7 25.2 50.9 43.0 6.1 
TABLE 7. 
Total numbers of C. impunctatus caught at different times 
of day between June 20 and September 21, 1957. 
Period 
20/6 - 14/7 
18/7 - 2/ 8  
2/8 - 20/8 




12-13 13-14 14-15 15-16 16-17 17-16 18-19 19-20 20-21 21-22 22-23 23-24 
63 103 85 103 90 129 130 277 161 135 147 154 
22 12 7 9 29 48 23 30 41 43 25 22 
483 359 631 791 621 1353 981 1425 1726 1146 1662 796 
711 59 94 93 82 90 93 104 119 62 130 274 
1279 533 817 996 822 1620 1227 1836 2047 1406 1964 1246 /continued 
1 
Period 
20/6 - 14/7 
18/7 - 	2/8  
2/8 - 20/8 





24-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 Totals 
214 18' 140 137 247 208 214 129 140 90 83 83 3,444 
39 21 37 32 33 33 34 31 25 34 21 51 702 
798 833 602 623 485 667 847 645 49Q 432 442 659 19,497 
177 121 110 118 183 116 83 61 52 66 32 49 3,099 
1228 1156 889 910 948 1024 11.78 866 707 622 578 842 26,742 




Numbers of C. itupunctatus caught over the season In 1957, grouped 
to show seasonal trends. 
Daily Mean 
Mid-date 	for Individual Catch Log.Catch Log.Catch 
Group - Days n) (Log. n+ 1 for Group 
20 6 - 21 	6 269 2.431 
21 6 - 22 6 21 22 214 2.332 2.220 
22 23 78 1.898 
25 26 93 1.973 
26 27 60 1.785 
27 	6 27 28 66 1.826 1.859 
28 29 	6 70 1.851 
1 7- 	2 7 126 2.104 
2 3 64 1.813 
3 7 - 	4 7 3 4 270 2.433 2.350 
4 5 392 2.594 
5 6 638 2.806 
6 7 81 1.914 
7 8 143 2.158 
8 	7 8 9 366 2.565 2.302 
9 10 372 2.572 
11 12 72 1.862 
12 7 - 13 7 12 13 41 1.623 1.654 
13 14 29 1.477 
18 19 93 1.973 
19 20 30 1.491 
20 7 - 21 7 20 21 66 1.826 1.607 
21 22 14 1.176 
22 23 36 1.568 
23 24 37 1.580 
24 25 22 1.362 
25 7 - 26 7 25 26 0 0.3)0 1.190 
26 27 13 1.146 
27 28 72 1.863 
28 29 37 1.580 
29 30 43 1.644 
30 7 - 31 7 30 31 59 1.778 1.692 
31 7- 	1 	8 55 1.748 
1 8 2 8 50 1.708 
2 3/ 
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Table 	8, contd. 
Daily iean 
iiid-date for Individual Catch Log.Catch Log.Catch - Group Days nL (Log. 	n + 1) for Group 
2 8- 	3 8 75 1.881 
3 4 689 2.839 
4 8 - 	5 8 4 5 1152 3.062 2.909 
5 5 2841 3.454 
6 7 2031 3.308 
7 8 1207 3.082 
8 9 30 1.491 
9 8 - 10 8 9 10 5185 3.791 2.868 
10 11 1426 3,154 
11 12 659 2.820 
12 13 482 2.683 
13 14 54 1.740 
14 8 - 15 8 14 15 341 2.533 2.505 
15 16 195 2.292 
16 17 1881 3.275 
17 18 553 2.751 
18 19 38 1.591 
19 	8 19 20 61 1.792 1.812 
20 21 	8 12 1.114 
3 9- 	4 9 26 1.431 
4 5 1136 3.056 
5 9 - 	6 9 5 6 36 1.568 1.607 
6 7 5 0.778 
7 8 15 1,204 
8 9 10 1.041 
9 10 66 1.826 
10 9 - 11 9 10 11 700 2.846 1.781 
11 12 118 2.076 
12 13 12 1.114 
13 14 1 0.301 
14 15 0 0.003 
15 9 - 16 9 15 16 551 2.750 1.510 
16 17 250 2.400 
17 18 124 2.097 
18 19 51 1,716 
19 20 0 0.000 
20 	9 20 21 109 2.041 1.090 
21 22 	9 3 0,602 
0-Juy 	iean Fun of 
Log. for Log. Difference 1ind 




2.558 2.318 + 10.37 82.31 
2.709 2.37(3 + 14.01 90.32 
2.155 2.407 - 10.45 153.45 
2.086 2.389 - 12.64 209.85 
2.526 2.308 + 	9.43 108.45 
2.465 2.162 + 14.05 140.93 
































Numbers of 2. iunct.,us caugh. by Traps A a-nd B over a period 
of 24 hours in relati )fl La Run of 7ind for the same period. 
1.477 
1  9,21 .1_. I 
1.176 1.502 - 21.70 98,23 
1.477 1.505 - 1. SE 115.85 
1.563 1.406 + 12.76 76.97 
1.491 1.180 ± 26.41 138.00 
0.301 1.247 - 75.36 251.8 
1.041 1.258 - 17.21 351.8 
1.813 1.296 ± 39.88 145.4 
1.644 1.587 -s 3.57 135.9 
1.ôill 1.73$ - 2.98 141.0 
1.756 1.654 -i 6.16 73.7 
1.771 1.735 + 2.05 55.8 
1.519 1.961 - 22.58 184.9 
1.949 2.214 - 11.96 1  
2.812 2.515 + 1 .1. 126.44 
3.021 2.883 + 4.78 14.66 
3.275 3.111 + 5.28 94.79 
3.357 3.008 + 11.62 80.21 












































7 1 25 
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TABLE 9 contd. 	 112 
5-day mean Run of 
Date Catch Log. for Log. Difference Wind 
1957 (n) (n ± 1) (n + 	1), Z (miles) 
(M) 
8 	8 197 2.297 3.132 - 26.67 304.34 
9 5964 3.776 3.028 + 24.71 86.09 
10 1380 3.l'3 2.dS& + 6.54 85.47 
11 681 2.834 2.864 - 1.06 98.35 
12 500 2.700 2.615 + 3.15 210.01 
13 73 1.869 2.426 - 22.96 165.36 
14 536 2.528 2.499 + 11.44 214.12 
15 158 2.201 2.536 - 13.18 194.19 
16 1573 3.197 2.573 ± 24.24 115.00 
17 2.409 + 19.57 106.32 
lb 113 2.057 2.249 8.52 216.78 
19 50 1.703 
20 	8 24 1.398 
2 	9 53 1.732 154.55 
3 24 1.398 60.43 
4 1007 3.003 1.709 + 75,70 237.77 
5 42 1.634 1.585 + 3.03 200.77 
6 5 0.776 1.535 - 49.30 691.28 
7 12 1.114 1.300 - 14.28 202.20 
8 13 1.146 1.537 - 25.44 224.53 
9 35 1.8(3 1.820 + 0.35 40.84 
10 363 2.822 1.826 + 54.53 180.75 
ii 154 2.190 1.657 + 32.17 140.95 
12 13 1.146 1.293 - 11.37 279.14 
13 1 0.3)1 1.259 - 73,28 257.82 
14 0 0.000 1.316 -100.00 256.76 
15 510 2.708 1.527 + 77.33 155.72 
16 234 2.423 1.812 + 33.73 76.74 
17 159 2.204 1,872 + 17.72 38.45 
18 52 1.724 1.733 - 0.50 102.23 
19 1 0.301 1.448 - 79.22 96.11 
20 102 2.013 
21 	9 9 1.000 
Degrees of freedom (n - 2) = 49 
Correlation coefficient- (r) = C.584 (P 	0.01) 
Regression of Activity on Wind -0.13 
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TABLE 10 a 
Nuribers of C. irapunctatus caught in relation to radiation intensity. 
1 arbitrary unit = 1 urn. deflection of pen arm above base-line 
(mean deflection taken over hourly periods) 
= 1.46 cal./ern. 2/hr. 
Radiation Intensity 
To "I-al nutn- 	Number of 
Class 	Arbitrary 	 2 	bers caught observa- 
Number Units Cal./am. /hr. by A and B. tione 	Mean 
1 0 0 8537 222 38.4 
2 ..25 - 2.0 0.4 - 	2.9 4407 162 27.2 
3 3.0 	- 5.0 4.4 - 7.3 3511 81 43.3 
4 6.0 - 10.0 8.8 - 14.6 2267 67 26.1 
5 11.0 	- 15.0 16.1 - 21.9 2352 76 30.9 
6 16.0 - 20.0 23.4 - 29.2 744 49 15.2 
7 21.0 	- 25.0 30.7 - 36.5 552 28 19.7 
8 26.0 * 30.0 38.0 - 43.8 241 18 13.4 
9 31.0 	- 35.0 45.3 - 51.1 317 30 10.6 
10 33.0 - 40.0 52.6 - 58.4 119 20 6.0 
11 41.0 	- 45.0 59.9 * 65.7 170 22 7.7 
12 46.0 - 50.0 67.2 73.3 76 13 5.9 
1$ 5.L.0 	- 55.0 74.5 - 80.3 48 9 5.3 
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TABLE 10 b 
2dition Intensity 	Sum of hour- 
ly catch for Number of 
Class 	Arbitrary 	 A and B as 	observa- 
Nutnber Units Cal/cm. /hr. daily catch. tions. 	Mean 
1 0 0 767.1 172 4.5 
2 0.25 - 	2.0 0.4 - 2.9 654.7 12 4.6 
3 3.0 - 5.0 4.4 - 7.3 448.1 80 5.6 
4 6.0 - 10.) 8.8 - 14.6 327.1 71 4.6 
5 11.0 - 15.0 16.1 - 21.9 335.6 74 4.5 
6 16.0 - 23.0 23,4 - 29,2 94.0 41 2.3 
7 21.0 - 25.0 30.7 - 36.5 '30.6 21 2.9 
8 26.0 - 33.0 38.0 - 43.8 43.4 16 2.7 
9 31.0 - 35.0 45.3 - 51.1 46.9 22 2.1 
10 36.0 - 40.0 52.6 - 58.4 30.9 18 1.7 
11 41.0 - 45.0 59.9 - 65.7 37.5 17 2.2 
12 46.0 - 50.0 67.2 - 73.0 15.6 11 1.4 
13 51.0 - 55.0 74.5 - 80.3 13.7 7 2.0 
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TABLE0 
Analysis of Variance for 13 Classes. 















Variance Ratio = 2.79 (P 0.1 ;) 
	
Significant. 
. 	. . 
Analysis of Variance for Classes 1 anu 2. 
Source of Variance 	D. f. 
Total 	 313 
Between Classes 	1 
Within Classes 	312 
Variance Ratio = 0.01 
Sum of suaresJ Mean sutire 
4,753.63 
	
1.7 	 1.7 
4.751.9 	 15.23 
(P 	5.0 %) 	Insignificant. 
Analysis of Variance for Classes 1, 2 and 3. 
Source of Variance 	D. 	F Sum of buares J 	iean square 
Total 	 393 	7,186.01 
Between Classes 	 2 75.1 	 37.5 
Within Classes 	391 	7,110.9 	 18.2 
Variance Ratio = 2.10 (P' 5.0%) 	Insignificant. 
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Analysis of Variance for Classes 1, 2, 3 and 4. 
Source of Variance 	f. 	Sum of Squares 	Mean Square 
Total 	 464 	13,619.7 
Between C1asee 	 3 76.2 	 25.4 
Within Classes 	461 	13,543.5 	 29.4 
	
Variance Ratio = 	0.86 (P > 5.0 :) 	Insignificant. 
Analysis of Variance for Classes 1, 2, 3, 4 and 5. 






78.4 1 	19.6 
29.7 Mthin Classes 534 15,850.6  
Insignificant. Variance Ratio = 0.65 (P 	5.0 	) 
Analysis of Variance for Classes 1, 2, 30 4, 5 and 6. 
Source of Vsriance D. f. 	Sum of Squares Mean Square 
Total 579 	16,401.61 
Between Classes 5 299.0 59.8 
28e05 Within Classes 574 	16,102.61 
= 2.13 	(P 	5.0 %) Variance Ratio Insignificant. 
Analysis of Variance for Classes 1, 2, 31 4, 50 6 and 7. 
Source of VariancJ B. f 	Sum of Squares 
Total 	 600 	16,600.29 
Between Classes 	 6 353.65 
Within Classes 	L594 	16,246,64 






Analysis of Variance for Classes 12 and 13. 
Source of Variance D 	f Sum of Squares Mean Square 
Total 17 47.0 
Between Classes 1 1.2 1.2 
WithinClasses 16 45.8 2.9j 
Variance Ratio = 0.41 	(p > 5.0 T) Insignificant. 
Analysis of Variance for Classes 11, 12 and 13. 







Within Classes 	32 	131.8 





Analysis of Variance for Classes 10, 11, 12 and 13. 
Source of Variance D. 	f. Sum of Squares Mean Square 
Total 52 189.6 
Between Classes 3 4.5 1.5 
ithIn Classes 49 185.1 3.8 ... 
Variance Ratio = 0.39 	(P> 	5.0 >) Insignificant. 
Analysis of Variance for Classes 9, 10, 11, 12, 13. 
Source of Variance 	D. f. 	Sum of Squares 
Total 
	 .. 	. 
	
74 	264.3 
Between Classes 	4 20.2 
Within Classes 	70 	244.1 




(P 	5.0 %) 	Insignificant. 
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Analysis of Variance for Classes 8, 9, 10, 11, 12 and 13. 
Source of Variance 	1). f. I Sum of Squares F Mean Square 
Total 	 90 	452.6 
Between Classes 	5 13.9 
	
2.8 




Variance Ratio = 0.54 (P 7 5.0 ) 
	
Insignificant. 
Analysis of Variance for Classes 7, 8, 99 10, 11, 12 and. 13. 
Source of Variance 	D. f. 	Sum of Squares 	Mean Square 
Total 	 111 	607.96 
Between Classes 	6 25.3 	 4.2 
Within Classes 	105 	582.66 	 5.5 
Variance Ratio = 0.76 (P ' 5.0 ) 	Insignificant. 
Analysisof Variance for Classes 6, 7, 8, 9, 10, 11, 12, 13. 
Source of Variance 	D. f.Sum of Squares 	Mean Square 
Total 	1 152 	860.2 
Between Classes 	7 25.5 	 3.6 
Within Classes 	j 145 	834.7 	
5.7 
Variance Ratio = 0.53 (P 	5.0,:) 	Insignificant. 
Analysis of Variance for Classes 5, 6, 7, 8, 9, 10, 11, 12, 13. 
Source of Variance D. 	f. Sum of Squares Mean Square 
Total 226 3,430.09 
Between Classes 8 288.27 36.0 
Within Classes 218 3.141.82 14.4 
Variance Ratio = 2.50 (P = 1 ) 	Significant. 
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Analysis of Variance for 2 Groups: 	Classes 1 - 6 and 7 - lö. 
Source of Variance 4.f 	Sun of Squares j Mean Square 
Total 	 691 	17,500.04 
Between Groups 	 1 457.24 	 457.24 
Within Groups 	j 690f 	17,042.8 	 24.69 
_____- 	Variance Ratio = 18.52 (P 0.11) 	Significant. 
